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Abstract 
ERNEST SHERIDAN DEL FOSSE 
Under the supervision of Associate Professor Edward U. Balsbaugh, Jr. 
Three organophosphate insecticides, viz. Ravap §) (a 1:4 mixture 
of dichlorvos and Gardo�a® (2-chloro-1-(2,4,5-trichlorophenyl) vinyl 
dimethyl phosphat�, Rabo� (2-chloro-1-(2,4,5-trichlorophenyl) vinyl 
dimethyl phosphate), and 95.af, :malathion, were applied aerially 
at ULV rates for control of face flies, Musca autumnalis De Geer, 
and horn flies, Haematobia irrita.ns (L.), during the summers of 1971 
and 1972. From pre- and post- spray counts of adult flies on cows it 
was determined that Ravap reduced horn flies and face :f"lies 69.6% 
and 26.1% respectively, one day after application. One week a:rter 
application, however, horn flies had increased 217.4% over prespray 
counts, and face flies had increased 60.8%. The first application 
of Rabon reduced horn .flies on cows by 96.'2$ one day postspray, arrl 
9.4% one week postspray, while face flies were reduced 90.9% the day 
after, and increased 127 .yf, after one week. The second application 
of Rabon reduced face flies 76.0% the day after application, ar.d 
32.0% after one week, and reduced horn flies 95.7% and 48.1% one day 
and one week postsp�ay, rBspectively. Ma.lathion reduced horn flies 
83.01l the day after application, and 14.0% the week ai'ter, and 
reduced face .flies 29.1.Vf, and 17.6% one day arrl one week postspray, 
respectively. 
Out of 21 species and 2 species-groups or the dung fauna, 
only 2 species of dung beetles, Platystethus americanus Erichson 
and Aphodius :f'imetarius (L.), as well as certain larval Diptera, were 
sig�ficantly reduced by Rabon. Neither Ravap nor malathion affected 
dung biota significantly. 
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Control of adult faea flies, 1usca. autum.nalis De Geer, 1 and horn 
2 
flies, Haematobia ir.ritans (L.), has been attempted using dusts and 
sprays for mani years. The purpose of these control e.fforts always 
has been to reduce the number of eotoparasitio adults 0£ these_.flles, 
usually with complete disregard for environmental side ef'fects. 
This has been largely a matter of economic priorities- a. state such 
as South Dakota, which ranks 6th in production of beef and 8th in 
total cattle population in the United States has to be concerned 
with anything that may harm cattle. Both the .face flies and horn 
flies have economic thresholds. Once these levels have been reached, 
damage to cattle ranges from weight loss, reduction of milk produc­
tion, problems in calving, and possibly the transmission of' bovine 
conjunctivitis. Thus fly control efforts are_ justified. 
The results of control attempts, however, have been fair at 
best, when considering long term effects._ Just one we�k after ap­
plication of organophosphate insecticides. for example, the level of 
adult flies has risen to, or exceeded, prespra.y counts. Clearly, a. 
different approach to control of these serious cattle pests is need­
ed. A closer look at the interspecific relationships between com-
ponent members of the dung ecosystem shows one possible alternative 
1112ru.ptera: Muscida.e 
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to the "spray only" method of control. 
It 1& well known that certain families of beetles are parasitic 
and/or predaceous upon larvae of dipterous insects in bovine manure. 
Members . . of .. other beetle families disrupt fly larval habitats by 
their habit of tunneling through cattle droppings. The side-effects 
of aerially-applied insecticides on the biononrl.cs cf these Coleoptera 
are potentially disrupting to the various trophic levels of the 
manure ecosystem. If application of insecticides for adult fly con­
trol kills the coleopterous parasites, predators, or predator­
parasites in individual cow pats while not harming larval face flies 
and horn flies, then an actual increase in the number of adult flies 
will theoretically be observed. If, however, the populations of dung 
beetles are not affected by the pesticides, while the larval Diptera 
are, then the opposite outcome would theoretically take place. Even 
if' the beetles and larval flies are not affected by the s�rays, a 
reduction of this biota. could occur, depending upon the effects of 
the sprays on other dung insects. The only other occurrenc e .to 
dung biota that is_ likely to result from applications of o:rga.nophos­
phates is that both Coleoptera and Diptera would be reduced somewhat, 
and then one would have to assess the degree of reduction of each to 
determine tho effects of the pesticide. These conclusions ass\lllle 
that weather, which can greatly reduce activity of flies, is rela­
tively constant. 
These factors are critical to the naturalistic approach to 
control of insect pests. Obviously, if an insecticide reduces in 
2 
any way the potential biological control of the various Coleoptera 
(either direct control by parasitism or predation, or indirect con­
trol by disruption of larval habitats), while not af'fecting popula­
tion levels o! larval flies, then the results of that spr81' applica­
tion on the adult flies will be meaningless, unless control of 
adult flies greatly outweighs the adverse side effects. Perhaps 
the best control possibilities of adult face and horn flies lies 
with an integrated viewpoint, maximizing both the effects of the 
insecticides on the adult flies and the potential biological con­
trol of the dung beetles. 
To determine the side effects of the applicati on of several 
organophosphates, a study was conducted during the summers of 
1971 - 19?2 in east-central South Dakota. 
Although there has been much written on the control of the face 
fly and horn fly on beef cattle in general. information concerning 
side effects of these control efforts is scarce. 
Horn Fly 
The horn fly is an ectoparasite of cattle, found in the Western 
Hemisphere from Venezuela north to latitude 55°331 N. It is obi;ga­
tive]y hatmatophagous (Blume et al. 1970) and causes weight loss, 
reduction of milk production, and lower efficiency in calving 
(Riley 1889, McLintook arxi Depner 1954, Bruce 1964) through b'.J..<?¢ 
los se s  and irritations which prevent proper £eeding (Marlatt 1910). 
The horn fly oviposits in fresh bovine manur� (Riley 1889. 
Harmner 1942, Mohr 1943, MoLintook and Depner 1954, Hargett and 
Goulding 1962. Bruce 1964, Poorbaugh et al. 1968 . Kessler and 
Balsbaugh 1972a) and therefore is associated 'With an extremely 
complex ecological chain of coprophagous a.r.:d other coprophilic in­
sects. It is in this chain of trophic levels that this s�udy is 
centered. Many insects spend part of their lives in dung, and a 
sigrificant number are intima.te]S' associated with horn fly larvae in 
host-parasite or predator-prey relationships. Ecological succession 
o:f insects in cattle manure is also intimately associated with this 
project and ha.s bean studied by many workars (Ha.7JlITler 1942. Mohr 1943 
Sanders and Dobson 1966, 1969, Poorbaugh et al. 1968, Kessler and 
Balsbaugh 1972a). 
Blume (1970) identified insect co:m.m.unities associated with cat­
tle dung in Texas. He determined that field production of horn fly 
adults was limited by other coprophilic insects. Blume et al. 
(1970) also determined that as the number of horn flies decreased, 
the number of all other insects increased. 
Blood intake and significance.--- The sex of cattle parasit-· 
ized by horn flies is directly related to the number of flies that 
each will host. Dobson et al. (1970) determined that steers were 
more attractive to horn flies than were cows , apparent�y because 
steers produce greater amounts of testosterone-androgen hormones. 
Annand (1941) found that horn flies extract blood from cattle at 
the rate of 1.71 mg per feeding per fly, and that horn flies take 
2 blood meals per day for a total of J.4 mg blood per day. A 
heavily infested herd of 500 cattle would thus lose 7 quarts of 
blood per day. In a study by Harris and Frazar (1970), male horn 
flies averaged. 12.1 mg blood per fly per day. 
It was determined by McLintock and Depner (1954) that horn fly 
adults must have at least 2 blood meals per day or they will die 
within J - 15 hours. They also deterniined that an obligatory host­
drive occurs within horn flies which forces them to seek new hosts 
rather than waiting for one to come their way. It takes about 400 
horn flies per cow to reach a threshold where economic injury begins 
(Bruce 1964). Cutkomp and Harvey (1958) reported that beer cattle 
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attained significant weight gains when protected from horn flies and 
stable flies. 
Control with� rubbers and dusts.- From several tests in 
West Virginia, Dorsey et al. (1962) found that 2.0% diazino11 dust, 
4. �% naled dust, 4.0% and 10.0% malathion dust, 50.0% methoxychlor WP 
dust, and 10.0p azinophosmethyl WP dust gave some control over ho�n 
flies. They concluded that dusts were more effective aga�nst horn 
flies than were sprays. Other dusts which experimentally proved to 
be effective against horn flies are 8.0% dimethoata (Johnson and 
Langford 1960); 1.o% coumaphos; 5.CY-fo and 2.0% methoxychlor; 3.0% 
crotoxyphos; a mixture of 5.C/f, toxaphene, 5.0% DDT, and 1.0� lindane; 
a mixture of 2�0� metho.xychlor and 2.Clfo DDT; J.0% and 5.0% coumaphos; 
a mixture of 0.075% pyrethrins, 0.2% NGK Repellent 326, and0.2% 
MGK 264; and calcium carbonate dust (Poindexter and Adkins 1970). 
Other workers using dust formulations for horn fly control were 
Wheeler et al. ( 1967) , Awad et al. ( 1967) , Dorough and Randolph 
(1967), Nemec et al. (1968), Brazzel et al. (1968� Hair and Adkins 
(1965), Turner (196.5), Dorsey et al. (1966), Lindquist and Hoffman 
(1954), Hargett and Goulding (1959) , De Foliart (1956), and Kolach (1967) 
Dust bags and backrubbers have been used for horn fly control 
by many experimenters (Rogoff and Moxon 19.52, Hargett and Turner 
1958, Cheng and Vanderberg 1958, Cheng et al. 1958, Bruce 1952. 1960 
Cheng 1956, Lancaster 1958). Dorsey et al. (1962) controlled horn 
flies with J-cable backrubber applications of 2.of; methoxychlor, 
2c0% Imidan, 2.C/fo malathion, 2.0% dimethoate, 2.af, fenthion, and 
dust bags containing 2.of; baygon and 2.of, fenthion. The use of dtist 
bags for fly control seemed promising to Hair and Adkins (1965), 
Turner (1965), Dorsey et al. (1966), arrl Seawright arxl Adkins (1968). 
Using the simplified dust bag type of Adkins and Seawright (1967), 
. 
Poindexter an:l Adkins (1970) got good to excellent control of horn 
flies with 1.0% couma.phos , 5.0% and 2.0% methoxychlor, arrl other 
formulations. In South Dakota, Wrich (1970) obtained good horn fly 
control from various concentrations of coumaphos and fenthion in 
dust bags arxi baokrubbers. 
Control with sprays and pour-�.- Many spray formulations. 
have been experimentally tested for horn fly control. Laake (1946) 
sprayed ha.lf of a herd of cattle with DDT and reported that good horn 
fly control resulted. However, longer control was obtained when the 
entire herd was sprayed. Knapp (1962, 1965a, b) controlled horn flies 
and face flies on dairy heifers which were treated with a mixture of 
ronnel, pyrethrins, and a piperonyl butoxide-oornpound. 
Evidence of horn fly movement was given by Janes et al. (1968), 
who fourrl that by treating 6 out of 9 herds of cattle with coumaphos 
for horn flies, the other 3 herds in the area had fewer horn flies 
than other control herds outside of the treatment area. Harvey and 
Ely (1969) demonstrated horn f]y diurnal movements by obtairi.ing horn 
fly control on all members of a herd of cattle when 1/3 was untr�at­
ed, 1/3 given crotoxyphos in wax bars, and 1/J sprayed with cro­
toxyphos. In a later experiment (Harvey arxl Ely 1970) they treated 
about 10. 0% of a herd with crotoxyphos in wax bars with the following 
7 
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results: 100% control after 1 day on cattle when 23.0 - 33.0% were 
treated ; 81.0 - 96.af, control after 1 day when 6.0 - 12.0% of the 
cattle were treated; and no control when only 2.Clf> were treated. This 
experiment, arrl work done by Hoelscher et al. (1968) arrl Tugwell et al. 
(1966) showed that horn flies move extensively and rapidly when 
searching for a host. Therefore, good possibilities of control 
could be realized by treating only a small percentage of the cattle. 
Witherspoon and Burns (1967) controlled horn flies by spraying 
the lower part of the legs of cattle with a 0.5% crotoxyphos formu­
lation, and found that the population of horn flies was nearly 100% 
male. Beck (1968) theorized that populations of emerging horn flies, 
which follow endogenous circadian rhythms, could be treated as sin­
gle, multi-unit superorganisms, susceptible to phase regulation by 
manipulating characteristics which influence horn fly biology, viz. 
photoperiod, moisture, thermoperiod , and host availability. 
Timing of spray application is also of great importance to 
potential control. Bruce and Blakeslee (1948) found that 99.af, of 
all adult horn flies emerged in the afternoon in the sUI1ll11er, but in 
the spring or fall they emerged almost anytime of the day or night. 
Fem.a.le horn flies are knm1n to emerge first (McL.intock and Depner 
1954), followed by the males within 2 days. Hoelscher and Combs (1968, 
1971a, b) found that adult horn flies were more active at night, 
and that their peak emergence occurred about 8:00 PM, with males 
emerging first. It has also been reported that female horn flies 
require a period of maturation of 2 - 3 days prior to ovipositing. 
Therefore, if spraying were done before 6:00 Pl1, control would 
theoretically be better (Horgan 1966). 
Methozychlor has been found to be effective against horn flies 
b-..r several experimenters ( Lindquist and Hoffman 1954. Raun and Casey 
19.56, Cheng et al. 1958, Hargett and Goulding 1959, Roberts_ 1959). 
Turner and Wang (1964) reported 85.o% reduction in horn flies with 
this compound. Lewis and Eddy (1961) however, round malathion to be 
more effective against horn flies than was methoxychlor. Harris 
(1964) also concluded that orga.nophosphates were more ef£ective ' 
against horn flies and stable .flies than were chlorinated eydro-· .. 
carbons, after he discovered that on horn flies, ciodrin had a lower 
rn50 than did DDT or toxaphene. Work by Hoffman and. Roberts (1963) 
with ciodrln substantiated Harris' conclusions. 
Eschle and Berry (1967�, spraying 10.0% ronnel to the backs of 
cattle with a 1-nozzle automatic sprayer, could control horn flies, 
but they had trouble with overtreating the cows. 
Dorsey et al. (1962) controlled horn flies on cattle in Wast. 
Virginia. with 1.0% dimethioate spray; 0.5% crufoma.te spray and pour­
on; 0.1�. 0.5% and 1.0% diazinon spray; 1.0% trichlorfon spray and 
pour-on; o.5{o and 1.0% ronnel spray; o.5% ootunaphos spray and pour­
on; o.21$ naled spray; and 1.0% carbaryl pour-on. 
9 
Control w"i. th larvicides.-- The earliest usa of larvicides in 
horn .fJ.y control was by Knipling (1938), who fed phenothiazin to cat­
tle and observed that the coprophilous larvae did not develop. 
Drummond (1963) used various ingested la�Ticides and obtained 
similar results, as did Hoffman and Roberts (1963) who used ronnel 
with salt as their larvicide. In addition. Bruce (1940. 1942) and 
Eddy et al. (1954) reported successful larviciding for horn fly 
control with feed additives containing rotenone, zincide, lindane. 
dieldrin. and aldrin. Treece ( 1962a, 1964), Anthony et al. (1961), 
and Harvey and Brethour (1960, 1970) screened various insecticides 
for feed additive possibilities for control of fly larvae . 
Control with ultra-low-volume sprays. --- ULV applications of 
insecticides were first used by many authors to control rangeland 
10 
and field crop insects (Sayer 19.59, Messenger 1963, 1964, MacCuaig 
1966, Burt et al. 1966, Adair et al. 1967, Thomas and Goodard 1967, 
Skoog and Cowan 1968a, b). Dobson and Saunders (196.5) found that ULV 
spraying with 8.0 fl oz per acre of 95.Cffo malathion gave good control 
of both face flies and horn flies. Knapp (1966) achieved some con­
trol of these pests using 4.0 lb per gallon trichlorfon at 0.1% 
per pound or J.O fl oz per acre applied aerially, while Kinzer (1966) 
used LV truck applications of 9.5.fJ% malathion for horn fly c ontrol. 
Host-activated LV mist sprays of .50.0 - 1.50.0 ml per animal of 0.1 -
1.0% ciodrin controlled horn flies on beef cattle and dairy cattle 
(Hoffman et al. 196.5). Knapp and Roberts (1965) used LV aerial ap­
plication of 3.0 oz malathion per acre to control horn flies. 
In South Dakota, Kantack et al. (1967) found that ULV aerial 
treatment of cattle for horn flies cost 2.5 - 35¢ per cow-cal.f unit 
when malathion is used. Such treatment is now recommended by the 
Extension Service for South Dakota ( Berndt and Kantack 1972). Harris 
et al. (1970) found that biweekly sprayings of 95.<:1% malathion at 
8.0 oz per acre, 94.<1% rabon at 12 oz per acre, 93.0% trichlorfon 
at a.o oz per acre, 93.o,t fenthion at 1.6 oz per acre, and 85.0% 
naled at 1.0, 2.0 and 3.0 oz per acre all controlled horn flies, 
but trichlorfon and fenthion were less e�fective initially than the 
others tested. Balsbaugh and Kessler (1970) fourxi that Ravap at 
4.0 lbs per gallon, and a 0.1% solution of 90.� dichlorvos at 2.5 
oz per acre used as ULV formulations controlled horn flies, but for 
less than one week. Initial results were 78.2% reduction on cows 
and 82.� reduction on calves with Ravap, and SJ.� on cows a.rd. 
67.f!ff; reduction on calves with dichlorvos. A similar study in Ken­
tucky by Knapp (1966) resulted in good 24 hour control of horn flies 
using trichlorfon at 4.0 lb per gallon, and 4 applications per season. 
Eschle and Miller (1968) theorized that ULV is especially suited 
to horn fly control on cattle because thorough wetting is not neces­
sary, and because horn flies move around so much that they come into 
contact with the pesticide no matter where it is sprayed (Eschle and 
Berry 1967). 
Another important point about ULV sprays is that insecticide 
residues in milk resulting from such spraying were much reduced from 
the residues left by conventional spraying (Cheng et al. 1958, 1962, 
Roberts et al. 1961, Claborn et al. 1965, Lofgren 1970). 
Not all ULV systems produced good results, so Gilliland ard 
Wilson (1968) ma.de improvements on the portable aerial ULV system of 
earlier workers, and. Dearman et al. (1965) designed a portable ground 
11 
ULV system. 
Akesson and Yates (1964) and Yates et al. (1967), studying ULV 
drift residues, found that ULV spraying le� higher residues than 
did dilute applications. Mac Cuaig (1966) fourxl that the formula­
tion and application of an insecticide effects its residual nature. 
Saini and Dorough (1970) also reached similar conclusions. finding 
that ULV formulations yielded more persistent residues than did 
emulsi.fiabla concentrate formulations. 
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Face Fly 
The face fly, Musca autumnalis, is a typical holometabolous 
insect with egg, larva, pupa, and adult stages (Hammer 1942, Zimin 
1951, Hinton 1960, Tesky 1960, 1969, Wang 1964). It is an intro­
duced livestock pest first noticed in North America in 1952 
(Vockeroth 1953). It breeds in urrlisturbed cattle dung in pastures, 
as does the horn fly, and its larvae migrate before pupating , and 
therefore are usually not taken in Berlese samples. Jones (1969) 
found that the mean distance face fly larvae traveled was 21.0 
feet , and tha.t larvae move faster over bare ground on warm days 
than they do through grass on overcast days. Thus this migratory 
factor should be considered when spraying insecticides and releasing 
predators or parasites for biological control. 
Treece (1966) found that larval development of the face .fly 
was unaffected by fecal moisture and bovine diet. It was learned, 
however (Morgan and Graham 1966), that when cattle were fed diets, 
such as prairie hay and green oats, face fly larvae were not as 
heavy as those four£! in dung of cattle fed alfalfa and sorghum hay. 
. 1J 
Bay et al . (1969) found no statistical differences in the weight of 
pupae or percent of emergence of adults when comparing bioaasays of 
fresh and reconstituted cow manure. They also discovered that face fly 
279491 
larvae failed to live in reconstituted manure at the respective 
moisture extremes of 65.Cfl,. low and 95.0% high relative humidities. 
.14 
Also, face flies showed a decided preference, 96.5%, for ovi­
positing in fresh manure, maximum pupal weight and greatest emergence 
of adults resulted with fresh l'llB.nure with a high moisture content. 
A minimlllll of 2.0 g feces per larva was required for maximum pupal 
weight and greatest per cent adult emergence (Bay et al. 1970). Thus 
both diet and moisture content of manure do influence populations of 
face flies. 
Horses, as well as beef and dairy cattle are also preferred as 
hosts for the face fly. Face flies also have been observed on wild 
deer and bison. New born calves too are especially attractive to face 
fli.es, because of remnants of amniotic fluid and afterbirth (Tesky 
1969). 
Periodic fluctuations in face fly numbers have been noted by 
many authors. Matthysse (1962), Treece (1960),.and Hammer (1942) 
observed high populations in early spring, before cattle are pastured. 
Teksy (1960) arxi Matthysse (1962) reported maximum numbers of face 
flies on cattle occun-ed in August. The cyclic nature of face fly 
populations is either due to mass hatching (Hammer 1942) or occurs 
during periods of optimal climatic conditions (Tesky 1969). 
Conflicting views have been presented concerning hibernation of 
face flies. Hammer (1942). Benson and Wingo (1963). and Tesky 
(1969) are of the opinion that overwintering face flies do no� mate, 
nor do the females produce eggs, but Roubaud (1927) disagrees, 
claiming that ove. · .dntering female face flies are mated. Face flies 
frequently are pests in homes when they enter in the fall and gather 
in large clusters in such places as attics. 
1.5 
Feeding face flies are present on cattle only during daylight 
hours; at night they rest on vegetation (Hammer 1942). This fact 
was also noted by Killough et al. (1965) and Killough and McClellan 
(1969), who found that face flies rest in the canopies of trees at 
night. Tesky (1969) observed that face flies were most active during 
0 0 
the day when the temperature was between 43 - 45 C, and both he and 
Hamm.er (1942) noted that male face flies were rarely observed on cat-
tle. High relative humidity and wind velocity above 10 mph decrease 
the number of face flies on cattle (Benson and Wingo 1963). 
Face flies mate in flight (Hammer 1942, Tesky 1969), when the 
adults are 3 - 7 days old (Tesky 1969). Tesky also observect'that 
males mate from 6 - 13 times, and 96.(Y/; of the females mated on'.cy 
once. This latter observation differs from the findings of Wang (1964) 
who found that some females mate 2 - 3 times. 
Cattle manure is the primary breeding site of face flies (Hammer 
1941, 1942 , Treece 1962a, b, Ode and Matthysse 1964a. b, Tesky 1969), 
but Vainshtein and Rod.ova (1940) and Fales (1962) reported that the 
female face fly oviposits in pig feces, and Kabayaski (1919) reported 
oviposition in human feces. Host oviposition is noted in very fresh 
manure. After one hour, a crust usually is formed which cannot be 
punctured by the female's ovipositor (Tesky 1969). Hammer (1942), 
however, observed oviposition up to 24 hours. 
Miller and Treece (1968) showed that a cyclic relationship 
exists between oviposition, food preference, and incidence of re-
male face flies on cattle. Because face flies feed on nectar in 
the spring before cattle are pastured, Hammer (1942) thought that 
the face fly occupies a behavio1·al group transi tiona.l between se-
cretion suckers and blood suckers. He and Derbeneva-Ukhova (1942) 
found that face flies feed on fluids on the surface of dung. This 
led Derveneva-Ukhova to conclude that the face fly is facultatively 
haem.atophagous and can obtain nitrogenous substances, which are 
vital for egg maturation, from either blood or dung. Thomsen 
(19J8) observed that face flies feed on blood left by the wounds of 
Stomox.ys sp . , 3 Haematobia sp. , 4 and I;rPerosia sp.,5 and Hammer 
(1942) even claimed that a cluster of face flies can displace feed­
ing horse flies.6 
Many substances have been shown to be attractive to face flies. 
Hammer (1942) considered that the odor of fresh blood is the major 
attractant of face flies to cattle, and Tesky (1960) found that he 
would sttract female flies if he were perspiring heavily. The 
most attractive compounds corporally-applied to steers that Dorsey 
(1968) found were SF-.50, gut slime 25.�.6 in liquid, dry concentrate 
placenta powder, and blood hydrolysate dry concentrate plus an equal 
volume of .5.0% liquid dimethyl disulphide. The most attractive were 
3,4.5Diptera: Muscidae. 
6 Diptera: Tabanidae. 
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plac enta. powd er , and blood hydrolysate dry concentrate plus an equal 
volume of 5. 0%  liquid dimethyl disulphid e .  The most attractive 
compounds applied in petri di shes were 1 0 . 0%  liquid casein hydro­
lysate plus an equal volume of SF-50 and 10. 0% liquid and dry c on-
centrate bone pho sphate . 
Biological c ontrol.--- Burton and Turner ( 1970) found that 
larval mortality of face fli e s  due to biotic causes was 49. CY5J, in 
1960 and 6J. 0% in 1967 , and that reduction in the number of adult 
flies was 80. 8% 
Drea ( 1 966) and J ones ( 1967 , 1969) noted that A le ochara tri sti s 
Gravenhorst7 i s  an enemy of fac e fly larvae and pupae . A nematod e , 
8 
Heterotylench�� autumnali s Nickle , has been po stulated by 
Stoffolano ( 1 968) to cause sterility in the female face flie s .  
Baci llus thuringiensis Berliner9 was shown not to be effective i n  
c ontrolling first instar face fly larvae by Ode and Matthysse ( 1964) .  
Chemical c ontrol.� Anthony et ai. ( 1961 )  investigated the 
toxicity to face fly larvae of feces of cattle fed insecticides and 
found that coumaphos and ronnel i nhibited larval development in 
. dung .  A lso involved with larviciding for fac e flies was Treece . 
·7C oleoptera. :  Staphylinidae. 
8 Nematod a :  Sphaerulariidae. 
9Eubacterii neae : Lactobacteriac eae. 
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(1961) who reported that ciodrin was effective when fed to cattle 
with grain. Wallace and Turner ( 1 962 , 1 964) found that face fly 
populations c ould be reduc ed with ronnel-salt and other insecticide-
salt formulati ons when the c attle c onsumed above 5.5 mg per kg per 
head per day. Many organophosphates have been used suc c e s sfully for 
larviciding fac e fli e s , horn flies , and other c attle pe sts ( Eddy and 
Roth 1 961 , Anthony et al. 1 96 1 , Treece 1 961 , 1 964,  Skaptason and 
Pitts 1962 , Drummond 1 963 , 1 96 7 ,  Ode and Matthysse 1964) . E spe-
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cially effec tive against fac e fly larvae was Rabon ( Treec e 1964 , 1965, 
Drummond 1 967) . When adding larvicides to feed to c ontrol first 
instar fac e fly larvae , Ode and Matthys se ( 1964b) disc overed that 
zi nc oxide at 40 . 0 mg per kg body wei ght , fenthi on , barthrin ,  
dimethrin , 3 - 4 dimethyl benzylester of chrysamthemic acid at 
1 0 . 0  mg per kg body weight , c oumapho s at 0 . 25 - 1 . 0  mg per kg body 
weight , ronnel at 1 . 0  mg per kg body weight, arrl Bayer 22408 at 
0.25 and 1 . 0  mg per kg body weight were effective in reducing lar-
vae .  The following c ompound s and materials were not effec tive : 
10 
ground stems of Ryania speciosa Vahl. ( from whic h  wood alkaloid 
ryanodine i s  obtained) ; carbaryl ; methoxychlor ; malathion ; dia-
zinon ; and sodiumzirconium lactate . 
In terrns of chemical c ontrol of adult fac e rlies , Ode and 
Matthysse ( 1 964b) determined that dusting cattle with 4. � and 
25.C/fi malathion ,  5.0% and 50 . 0%  metho:xychlor ; and 25. (Jfi ronnel ;  
1 0viola.les :  Flac ourtiaceae. 
and spraying with 0. 25% and 0. 5% courn.apho s were un suc c es sful for 
c·ontrol of the face fly . A l so i neffec tive we�e the repellents 
3-chloropropyl n-octyl sulfoxid e ,  di-n-propyl i socinchromovate ,  
a nd  dibutyl succ i nate . Ronnal , barthrin , trichlorfon,  and c ou.rna­
phos were also ineffective for c o ntrolling adult fli e s .  Thay also 
found that ?. O - 1 0 . 0  gm face brushings of 0. 5% and 2 . r:ff, dichlorvo s 
syrup bait and 0 . 5% naled syrup bait applied to dairy c ows in the 
morning succ e s s fully controlled adult face flies for 1 - 2 days . 
Back rubbers have been used to reduce adult f aoe flie s  on cat­
tle by many authors. Dobson and Huber ( 1 961 ) found that 5 . <Jff, 
methoxy-chlor in back rubbers was effective in c ontrolling fac e flies , 
and Turner and Wang ( 1 964) also conc luded that metho�chlor wa s 
very effective . U si ng self-applic ating dust di spensers , Turner 
( 1 965) reduced fac e fly numbers on cattle. In South Dakota , 
Wrich ( 1 970) obtained c omplete control of face flies using 1 . �  
fenthion i n  a tank type back rubber . 
Cheng et al ( 1962) noted that 1 . 0% dimethoate spray c ould re­
duc e the numbers of face flies effectively on c attle . I n  S outh 
Dakota , Kantack et al. ( 1 967) found that aerial ULV application 
of 95. afo  malathi on at 6 . 0 oz per acre c ont�olled fac e flies ef­
fectively, and Balsbaugh et al. ( 1970) used other organophosphates 
to control fac e and horn flies , but the fac e fli es 1�ere not or suf­
ricient populati on density to evaluate control. 
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C oprophilous , C oprophagous C oleoptera 
What exci tement over a single patch of cow-dung l Never 
did advent�ers hurrying from the four corners of the 
earth di splay such eagerness in working a California 
c laim. - J .  Henri F'abre , 1 823 - 1915.  
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It has long been rec ogni zed. that there i s  a vast array of insect 
life associated with manure of many- kinds . Inve stigators from the 
former "naturall ststt of broad interests to c ontemporaneous economic 
entomologi sts of rather specific purposes have been intere sted in 
dung insects for reasons differing from aesthetic s to economic s . 
The following review of literature reports on some of the more 
significant studi e s  on dung insects during the past 60 years .  
Dung beetles feed on m.a.m:nalian feces during both their la...�&1 
a.n:1 adult stage s . The maj ority of species are classified in J sub-
families of the coleopteran family Scarabaeidae , vi z .  Scarabaeinae , 
Geotropinae ,  and .Aphodiina.e , but the beetle f�lies Hydrophilld ae , 
Staphylinidae , Hi steridae , and Ptiliidaa tTrichopterygida� too 
have members which frequently a.re associated with bovine manure . In 
addition , at least 3 other beetle families , Carabidae , Silvanidae , 
and Curculionidae , c ontain species which on occasion are found in 
manure . 
Dung beetles are important because they : 1) are vec tors of · 
parasites of wild and domestic animals ; 2 )  are the primary dec om­
posers of dung ; 3) destroy dipterous larvae and pupae ; and 4) �educe 
contamination of the soil by decomposing dung (Fincher et al .  1970) . 
Miller ( 19.54) , Larrlin ( 1 961 ) , and Stewart ( 1 967) reported that 
some dung beetle s were more active during the day than at night. The 
chemorec eptive organs involved i n  dung location seem to be the anten­
nal clubs and maxi llary palps ( Landin 1961 ) . I n  searchlng for dung , 
these beetles c rui se in a straight line above the ground until food 
is found , stopping because of an inc reased olfactory stimulati on 
( Hal.£fter and Matthews 1 966 ) . 
Succ e s si on of C oleoptera in dung was noted by Hayes ( 192?) , 
Hammer ( 1 941 ) , Mohr ( 1 943) , Landin ( 1 96 1 ) , Sanders an:i Dob son ( 1 966) , 
McDani el et al. ( 1 971 ) , and Kessler and Ba lsbaugh ( 1 972a) . Mohr 
( 1 943) first demonstrated interspecific relati onships of dung biota . 
but muc h more work sti ll need s to be done in this area . He also 
had found larval and adult beetle populations present during the 
summer in greater level s  than was c onsidered theoretic ally possible .  
Landin ( 1 961 ) c laimed that coprophilous a nd  c oprophagous beetle s 
compete for food and living spac e not as populations , but as individ­
uals. Thus , fluc tuations in p opulations do not result from c ompeti­
tion , but from density-ind ependent fac tors . 
Bovine dung has not been the only manure studied for beetle 
populations . I n New J ersey ,  Wilson ( 1 932) studied sheep dung ec o l­
ogy, and A licata ( 1935) investigated swine dung along with the 
beetles important in the epidemi ology of swine helminth di sea ses . 
Howard (1900) and Mi ller ( 1 954) studied human fec e s  arxi their copro­
phagus beetles . 
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While studying bovine manure and the ecology of Diptera in 
Texas , Pratt ( 1 912)  noted the habits of various C oleoptera . Hayes 
( 1 927 , 1 929) li sted the genera of Coleoptera he found associated 
with dung in the prairie ec osystem. Mohr ( 1 943) also li sted the 
species of beetle s , along with the other orders of insec ts found i n  
cattle manure , and attempted to correlate their numbers with c lima.t-
ic conditions. Sanders and Dobson ( 1 966) and McDaniel a nd  Balsbaugh 
( 1 968) studied the North Americ an spec ies of beetles found in c attle 
dung in the United States ,  while Hammer ( 1 941 ) , Hafez ( 1 945) , 
Landin ( 1961 ) , and Rainio ( 1966) carried out similar studies in 
Europe . 
The findings of thes e  investigators are sunwarized in the fol-
lowing paragraphs , whic h are arranged by family. 
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Hyd.rophilidao .---- In the Hydrophilidae , a predomi nately aquatic 
family, many terre strial c oprophilous species were found by various 
authors . Sphaeridium scarabaeoides (L. ) was collected by Blatchley 
(1910) , Mohr ( 1 94J ) , Sanders arrl Dobson ( 1966) , McDaniel et al. ( 1971 ) , 
and Kessler and Balsba.ugh ( 1 972a , b) . Mohr ( 1943) found that the 
adults of this c oprophagous species move in and out of dung repeat­
edly, making disruptive tunnels , and that its larvae . eliminated 
from dung 3 species of coprophilous dipterous larvae . Paterson 
( 1951 ) reported that the larvae of .e_. scarabaeoid�s were predatory 
in cow manure. The degree of predati on on horn fly larvae increased 
0 0 
with temperature rises up to 44. 4 C ,  but decreased at 50 . 0  c .  The 
decrease was partly due to premature pupation by the 4-day old 
larvae , and the optimum temperature for predation on thi s age larva 
was 44. 4°c (Bourne and Hays 1968) .  
£. bipustulatum (F . )  was reported from dung by Hatch ( 1 965) . 
McDaniel et al. ( 1 971 ) , and K e s s ler and Balsbaugh ( 1 972a . b) . Hatch 
considered it an introduc ed European species , but Pratt ( 1 912) . 
Hayes ( 1 927) , and Sanders and Dobson ( 1 966) did not. It moves 
through the manure similarly to _£. sc arabaeoides , but arrive s a.rrl 
oviposits after the latter has done so. 
�. lunatum F .  was also c onsidered by Hatch ( 1965) to be an in­
troduced European specie s .  It  tunnels through dung in  a similar way 
to the other 2 Sphaeridium spp . Pratt ( 1912) , Hayes ( 1 927) , Mohr 
( 1 94J) , and Sand ers and Dobson ( 1 966 ) did not record this species 
from their dung sample s .  
Ecologic al c on siderations o f  hydrophilids i n  dung ec osystems are 
extremely in1portant.  Diptera , Hymenoptera , and C oleoptera , viz .  
Sta.phylinidae , were .found by Mohr ( 194J) t o  use the entrance tunnels 
made by the hydrophilids . These tunnels are also critical to dung 
ecology because they allow for continuous aeration arxl i ncrea sed 
des sic ati on of the pat , whi le at the same time opening it to invaision 
by saprophytic fungi and other microorganisms , which bec ome pa.rt of 
the food web for later cow-pi e invaders . McDaniel et al. ( 1 971 ) 
also proposed that Sphaeridiurn spp . are important in energy transfer 
in dung ; they are de sc ribed as both primary consumers and predators 
( secondary c onsumers ) in nature . 
Cercyon quilguilius L. is · another hydrophilid introduc ed from 
2J 
Europe (Hatch 1 965) . Thi s specie s  was not found in bovine manure 
by Blatchley ( 1 910) , Pratt ( 1 912) , Hayes ( 1 927) , nor Sanders and 
Dobson ( 1966) , but was common in dung studied by Mohr ( 1943) , Hafez 
( 1945) , McDani el and Balsbaugh ( 1968) , McDaniel et al. ( 1 971 ) , and 
Kessler and Balsbaugh ( 1 972a) . Hafez ( 1949) said that c .  qui squi lius 
larvae fed on dung , and Mohr ( 1 943) inferred , without spec ifying , 
that a relationship exists between Q.. quisguilius and Paregle cin-
- . 1 1  12  
erella (Falle n) and sarc ophagid maggots . 
£. pygmaeus I lliger has frequently been observed in dung by 
McDani el and Balsbaugh ( 1968) , McDaniel et al. ( 1971 ) , ar.d Kessler 
and Balsbaugh ( 1972a) . Mohr ( 1943) found it only in old er dung 
pie s , and Blatchley ( 191 0) and Hatch ( 1 965) reported that i s  occurs 
in fungus-covered logs , c ompost , and dung. It was not £ound in dung 
in Indiana by Sanders and Dobson ( 1966) . 
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C .  haemorrhoidali s (F. ) was first collec ted from o lder c ow pie s  
by Mohr ( 1943) , but Sanders and Dobson ( 1 966) , McDanie l e t  al. ( 1 971 ) , 
and Kessler and Balsbaugh ( 1972a) also obtained it from fresh dung. 
Hatc h ( 1965) c onsidered this an introduc ed species , and found it in 
compost as well as manure .  
C ercyon spp . are prima.ry c onsumers of dung , and tunnel ex­
tensively while serving as prey for other insects and mite s .  Thus , 
they are important in opening up c ow pies for other ins ec ts .  
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Diptera : A nthomyidae . 
12n1ptera : Sarc ophagidae . 
Scarabaeidae , the dung beetle s .-
Up there , sheep are grazing and h�rses being 
exerci sed for the approaching races , while all 
are di stributing manna to the enraptured "c:J:ung-
beetles . - J .  Henri Fabre , 182J - 1915.  -
There are many species of scarabs associated with manure . 
Some , the tu?llble bugs , make food balls of dung whic h they roll to 
prepared bUl'rows in the ground . Others are food ball makers , but 
are not rollers.  Some are specific o n  dung from prescribed hosts . 
S ome are humus feeders and others are fungus feeder s .  However , all 
suoh dung scarabs have an important roll in these microcosms .  
The term "dung beetle" has been applied to only the Aphodini 
by Landin ( 1 961 ) , but Ritcher ( 1958 , 1966 )  includes the tribes 
C oprini , Aphodini , and G eotropini .  
Onthophagus hec ate Panzer was c ollected from bovine feces by 
Blatchley ( 191 0) , Hayes ( 1927) , Mohr ( 1943) , Sanders and Dobson 
( 1 966) , McDaniel et al. ( 1 971) , and Kessler and Balsbaugh ( 19'72a) . 
This species feeds on carri on and dung and is important as the inter-
mediate host for helminths which pa.rasiti ze domestic anilnals and man. 
I t  is a seconda.ry consumer in dung • 
.Q. penneylvanicus Harold was found in cattle manure by 
Kes sler and Balsbaugh ( 1972a) , and occupies a niche similar to that 
of o. hecate .  
Other Onthopha� spp . have been noted from Australia by 
Bornemissza ( 1 970a , b) , Georgia (l1iller 19.54, Fincher et al. 1 971 ) , 
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Kentucky (Ritcher 1 966) , North C arolina (Davi s  1966) , South Carolina. 
(Howard and C artwright 1963) , and South Dakota (McDaniel and Bals­
baugh 1968, McDaniel et al. 1971 , and Ke ssler and Balsbaugh ( 1972a) . 
Ataenius strigatus ( Say) was found in dung by Mohr ( 1943) , 
McDaniel et al. ( 1 971 ) , and Ke s sler and Balsbaugh ( 1 972a) . Mohr did 
not believe that this species breeds in dung. Other Ataenius spp . 
were comm.on in dung in dry areas in prairies (Hayes 1927) ,  but were 
not recorded from manure by Sanders and Dobson ( 1 966) . Arnett 
(1960) stated that A taenius spp . are inhabitors of nests arrl bur-
rows of vertebrates .  
Aphodius fimetarius ( L. ) is a very c ommon dung beetle in North 
America and Europe . Blatchley ( 1910) considered that it was i ntro-
duced , arrl found it to be c ommon in I ndiana , where it hibernated in 
cow dung and beneath rotted logs on sandy beaches . It was also re-
ported from dung by Pratt ( 1912) , HS¥es ( 1 927) , Mohr ( 1943) , Sanders 
and Dobson ( 1 966) , McDaniel et al. ( 1971 ) , and Kessler and Balsbaugh 
( 1972a) . Mohr considered that this beetle was active during the 
third stage of insect invasion to dung. Ma.dle ( 1934) reported tha.t 
A .  fimeta.rius oviposited in dung. He further not� that if the dung 
26 
were shaded , these beetles were not attracted , a fact that c ontradicts 
Landin ' s ( 1961 ) consideration that this species is eurytrophic . 1 3 
.Madle ( 1934) also reported that !!_. fimetarius secretes a trypsin 
1�urytrophic hare i s  taken to mean that this speci es could be 
expected to occur in all habitats if dung was available. 
containing compound which i nitiates extracorporal digestion. 
Mohr ( 1943) , as well as Madle ( 1934) , found that adults remain 
motionless during the hottes t part of the day and the c oldest part 
of the night. Landi n ( 196 1 )  found that this species has a high 
tolerance to dry c onditions whic h  exc eeds that found in hibernating 
bee'tle s . Landin ' s findings help to explain those of Mad le ( 1934) 
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and Mohr ( 1943) . Madle ( 1934) , Schmidt ( 1935) , Landin ( 1961 ) , . 
Rainio { 1966) , McDaniel and Balsbaugh ( 1968) , McDaniel et al. ( 1971 ) , 
and Kessler and Balsbaugh ( 1972) all found fairly high populations 
of this species . Speickermann ( 1 923) found that A .  fimetarius is 
o f  further economic importance i n  that i t  causes dam.age to potatoes , 
and Thomas ( 1934) found that i t  damages c ultured mushrooms . In 
dung , both its larvae and adults are considered to be secondary c on-
sumers .  
A seco.rrl Aphodius sp . , !• haemorrhoidalis ( L. ) has been col­
lected from dung by Mohr ( 1 943) , Ritcher ( 1966) , Sanders and Dobson 
( 1966) , McDaniel et al. ( 1971) , and Kessler and Ba.lsbaugh ( 1972a) . 
and was classified a s  eurytrophic in habit preference by Landin 
( 1961 ) and Ra.inio ( 1966) . 
Another Aphodius specie s that is c ommon in dung in S outh Dakota 
is !· di stinctus {Hiller) (McDaniel et al. 1971 ) . Mohr ( 1 943) found 
that this species was a very avid tunneler , and apparently did not 
_ breed in l1lanure . Lan:iin ( 1961 ) said that this species was eury­
trophic and highly polyphagous. Mohr ( 194J) , Landin { 1961) , McDaniel 
and Balsbaugh ( 1 968) , �icDaniel at al. ( 1971 ) , and Kessler arxl 
Balsbaugh ( 1 972a) r ound the adults in dung , while Pratt ( 1912 )  and 
Sanders and Dob s on ( 1 966) did not find any i n  their m.anure sampling. 
A .  di stinc tus i a  coprophagous , and }lohr ( 1 943) said that thi s 
species was so nurnerous in fresh dung that it disrupted dipterous 
oviposition and broke up the egg mas ses that . were laid . Thus A .  
di stinctus is mainly a primary c onsmner which ha.s the ability to 
control other dung insects by disrupting the habitat. Sea.m.anns 
( 1934) reported on the s easonal activity of this species in Canada. 
The fourth species of .Aphodius which can be foun:i in dung is 
A. femorali s Say. This species was not found in cow pies by Pratt 
( 1912) , Landin (1961 ) or Sanders and Dobson ( 1966) . However, it 
was observed in dung by B latchley ( 1910) , NcDaniel et al. ( 1971) , 
and Kes sler and Balsbaugh ( 1972a) . Mohr ( 1943) considered A .  
femoralis to be a non-breeder in dung. 
Using a modified ti ssue proc essing machine , Fincher and 
Stewart ( 1968) c ollected dung beetles in a Georgia swine pasture . 
The most abundant species they e.ncount·ered were !!.• vi vi�is 
(Oliver) , A .  crunpe stris Blatchley , ar.d many other Anhodius a.nd 
Ataenius spp . were also found ( Fincher et al. 1971 ) . Other beetles 
captured but :for which no c ounts were made i nc luded Geotruoes 
blackburnii (F . ) ,  and many species in the families Histeridae , 
Stapr.\}7"linidae ,  ani Hydrophilidae. Flight activit-.Y of Pha.?'1aeus 
vindex MacLeary , P .  ign13us MacLeay, C anthon pilularius ( L. ) , Di­
choto:mi.us carolini.1s { L. ) , C oprls mi nutus Drury , Onthophagus hecate 
Panze:r , and On thoph � spp .. �,;a s noted by these authors .  Deltochiltnn 
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gibbosum (F . ) ,  Ateuchus hi steroides Weber , Boreocanthon depres­
sipannis ( LeC onte) , �· probus (Germar) ,  C anthon vigilan s LeConte , 
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C .  chalc ites Haldeman , Melanocanthon biseinatus Robinson , and 
Geotrupes splendulus (F. ) also had been previously found in the area 
ot the te st , but none were taken by them. Canthon pilularius was 
reported from North Carolina (Davi s  1966) , North Dakota ( Helgesen 
and Post 1967) , and Kentucky (Ritcher 1966) . Matthews ( 1963) com­
mented that its dung rolling habits were highest in spring , and 
deperx:ient on rain. 
Ecological importanc e of dung beetles cannot be overemphasized. 
These beetles affect temperature , relative humidity , and drying of 
the cow pats , as well as such biotic factors as predati on,  para­
sitism, and competition. They are all either eurytrophic or 
strictly primary consumers in dung , and compete with fly larvae for 
food a.n:l spac e .  
Staphylinidae . - The staphylinids , or rove beetles ,  are the 
most important predators in the manure ecosystems due to their feed­
ing upon larvae of fli e s  (including the fac e fly and the horn fly) 
and possibly on mites . 
Philonthus lomatus Erichson was found in dung an:i moist places 
under cover by Blatchley ( 1910) and McDaniel et al. ( 1971 ) . Other 
Philonthus spp . wero fow'ld in dung by Pratt ( 1927) , Mohr ( 1943) • 
Sanders and Dobson ( 1966) , McDaniel and Balsbaugh ( 1968) , and Kessler 
ard Balsbaugh ( 1972a) . These rove beetles , as all other staphylinids 
are dependent upon the tunnels mad e by the hydrophi lld s ,  and are 
1 4  present i n  greatest numbers when S arcophaga sp . and Orthellia sp. 
[=cryptoluci lia.J 1 5  pupate . £.. cruentatus Gmelin wa s observed by 
Sanders and Dobson ( 1 966 ) to prey upon dipterous larvae in manure . 
A nother genus of sta.phyli nid s numerous in dung :ts A leochara 
Gravenhorst. !• montanica C asey , !• bimaculata (Gravenhorst) , and 
!• taeniata Erichson were reported from bovine manure by McDaniel 
et al. ( 1971 ) , and h_. bi lineata ( Gyllenhal) was observed by Wi lkes 
16 and Wi shart ( 1 953) to prey upon Hylemya spp . in Canada. Reed 
(1962) noted that thi s species has potential for biological control 
of l!• brassicae ( Bouc he) 1 7 because 1 pair of adults could kill 1 21 0  
larvae a nd  1 2 8  adults o f  Hylemya . White and Legner ( 1 966) di scu s s ed  
the predaceous habits of !· taeniata up.on Musca dome stica L. 1 8  A .  
bimaculata was li sted by Mohr ( 1 943) as a predator of dipterous 
larvae. Sinc e no phoretic mi tes are found on A leoc hara spp. , it i s  
possible that they too fall prey t o  these staphylihids .  
Two other common speci es of predaceous staphylinid s in bovine 
manure are Platystethus americanus Erichson and Falagria dissecta 
14
n ·  t S h id ip era : arcop ag ae. 
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Diptera : Muscidae . 
JO 
Erichson. The former has been found i n  dung by Pratt ( 1 912) , Mohr 
( 1 943) , Sand ers and Dobs on ( 1 966 ) , McDaniel et al. ( 1 971 ) , and 
Kessler and Balsbaugh ( 1 972 a)J while the latter has been found by 
Mohr ( 1 943) , McDaniel et a l .  ( 1 971 ) , and Ke s sler and Balsbaugh 
( 1 972a) . 
Ptiliidee [=Trichopteryp,idaeJ .--- The feather-winged beetles 
are probably spore feeders i n  older , dry cow pats , and are p o s t-
c limax c onsumers .  McDani el et a l .  ( 1971 ) reported finding 
Smicurus filic orni s Fairmaida and Laboulbini 1 9 in older dung sample s .  
and McDaniel and Balsbaugh ( 1 968) found that thi s species  overwin­
tered in bovine manure i n  South Dakota . Mohr ( 1 943) c onclud ed 
that .A crotrk hus spp .. were irregular inhabi tants of cow pats , 
while Arnett ( 1 960) reported that thi s genus occurs i n  synoecy in 
ant ' s ne sts , feeding on spores .  Hatch ( 1957) conc luded that 
Acrotric hus spp . were chi efly fungal spore feeders , and Benick 
( 1952) found that they prefer dry fungi over wet fungi . 
Hi sterid ae .� Hi ster beetle s ac t primari ly as predators in 
dung. Hi ster abbreviatus (F . ) , a predaceous species that prefers 
to eat c arrion of poiki lothermous vertebrates rather than dung 
( Blatchley 1 91 0 ,  Dilli on and Dillion 1 961 ) ,  was taken from bovine 
feces in S outh Dakota by McDaniel et al . ( 1971) , and in other locales 
by Pratt ( 1 912) , Mohr ( 1 943) , Kryzhanovskii ( 1 944) , and Sand ers and 
Dobson (1966) . The latter workers found it to be predaceous upon 
1 9
Pos sible identific ation. 
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Aphodius fimetarius larvae and pupae , Hinton ( 1 945) found that 
hi s terid s are benefic ial , and Hafe z ( 1 949) di scovered that .!!· bi­
maculatus L. was predac eous on dipterous larvae in dung. Pratt ( 1 912) 
conc luded that .!!• c aeno sus L. was predac eous on larvae and pupae of 
Othellia c aesarium (Meigen) f P seudoeyrellia c ornici na Auct.J • 20 
Bornemi ssza ( 1 968)  studied I'�chyli ster chi nensi s as a pos sible 
control agent upon the buffalo fly in Australia . and also investigated 
effec ts of dung insect s on plants ( 1 960 . 1 969) . Bornerai s s za and 
Williams ( 1 970) also i nvestigated dung beetle activity with respect 
to plant yield . 
20oiptera : Muscidae. 
P ar  site s , Di s e a s e s  and Phoretic Relati onshi ps 
S om of the more in tere s ti ng aspec ts of the ec ology of bovi ne 
l7la.nure are the parasitic , pathogenic bac teria and spirochetes ,  and 
phoretic r�lati onships among c omponent members . The literature of 
several of these i nterspec i fic , d e nsity-d epend ent re lationships 
are d i scus sed below in some d etai l ,  with emphasi s placed on those 
associations involving C oleoptera . 
Parasiti sm. - Fincher et al.  ( 1 969) found that nematod e in-
fection rate s in dung beetle s were 1 . 0 - 84. % ,  and that the nema.= 
todes involved were ths thick stomach worn , Phys olaephalus sexalatus 
(Molin) , 21 A sc arops strongyli na ( Rudolphi) , 22 and the gullet worm ,  
Goncylonema pulchrum ( Moli n) . 2.3 
C oprophilus beetles and other arthrop od s  that live in dung and 
are known to be intermedi ate h o s t s  of helminth di sea ses were li sted 
by Hall ( 1 929) . J one s ( 1 931 ) found that Onthophagus hecate was the 
intermediate host for Hymenolepi s cari oc a Magelhae s , 24 the c hicken 
tapeworm , and Mi ller ( 1 954) sugge sted that o .  hecate ma.y be imp or-
33 
tant to the epidemiology of hunian helminth di seases . .Anhodius 
d i s tinc tus is the intermediate ho st of Rai lli eti na cesticillus Molin35 
21 ' 22 . 2 3 d s . . d Nemato a :  piruri a e .  
24c estoda : Ta.eni oid ea : Hymenolepidae . 
25c estod a :  Cyc lophyllide a :  Davai neidae .  
to the epidemi o logy of human helminth diseas e s . Aphodius di stinc tus 
is the i ntermedi ate ho st of Rai llletina cesticillus Molin25 and 
C hoanotaenia infundibulum B lotch , 26 which are poultlj' c e stode s .  
Several para sites of native c alypterate Diptera apparently at-
tack the fac e fly (Blch;I.e 1 96 1 , Benson and Wingo 1 963 , Treec e 1 965 , 
Turner et al. 1 968) .  Be side s parasitic Diptera , Turner et al . ( 1 968) 
found that the following species parasiti ze the fac e fly: Aphaereta 
pallipes (Say) ; 27 Euc oila impatiens ( S ay) ; 28 Spalangia nigi:a 
Latreille ; 29 Muscidi furax rapt� Girault and Sanders ; JO and Aleochara 
spp . They stated that inability of the para si te s  to emerge from 
face fly puparia was the major limiting factor of succes sful para-
siti sm ,  and that the major cause of this fai lure wa s the hardness of 
the puparia.. Fraenkel and Hsiao ( 1 967) found that the hardna s s  of 
the fac e fly puparia was due to calcification ; a puparium c ould 
contain up to 80 . 0% Caco3• This was a major factor in the unsuc­
c e s sful propagation of Nasonia vitripennis (Walker,) 31 on laboratory 
25c e stoda. : Cyclophyllidea : Davaineidae . 
26ce stoda : Cyc lopby'llidea : Dilepidida.e . 
27Hymenoptera : Braconidae . 
28 Hymenoptera : Cynipidae . 
29 , 30 , 31Hymenoptera : Pteromalidae. 
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culture s  of fac e flies . K e s s ler and Balsbaugh ( 1 972b) found that 
Aphaereta pallipes had a rate of parasiti sm to fac e fly pupae of 
Biehle ( 1 961 ) recovered \phaereta Eallines . Xylaphora �­
quelineata (Say) , 32 and Eucoi la spp . from face fly pupa.ria.  
Benson a nd  Wingo ( 1963) found that 84. 0'% o f  fac e fly puparia were 
parasiti zed by A .  pallipes i n  Missouri , and di sc ov·ered that all 
parasite s had died as adults wi thin the pupari a ,  app arentJ.y un-
able to e sc ape. An unidentified staphylinid beetle was di scovered 
by Beard (1963) in a fac e fly puparium in C onnecticut. Benson and 
Wingo ( 1963) cited Hammer , who reported that wasps ,  Vesoa spp. 33 
34 35 . and Mellinus spp . , and fungi , Empusa spp . , attacked Musca 
autumnalis in Dernnark . 
Fuldner ( 1960)  prepared a summary of research on parasitic 
Aleochara spp. !_. bilineata Gyllenha.l , a parasite of the cabbage 
maggot Hylemya. bra.ssicae ( Bouche) , wa.s studied by Wad sworth ( 1915) . 
Wi shart ( 19.57) listed the cabbage maggot ; the turnip maggot , H .  
floralis (Fallen) ; and the seed.corn maggot, !!· olatura (Meigen) 
=,!!. cili oraca (Rondani) as potential hosts of A. bili neata and 
3�ymenoptera: Figitidae . 
33Hymenoptera : Vespidae . 
34Hymenoptera : Sphecidae . 
J5Thallophyta : Fungi . 
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!!_. bioustulata ( L. ) .  P sila r o s ae ( F . ) 36 the carrot :rust fly, wa s 
noted to be the host of !),_. spersa Heer by vlright et al. ( 1 947) .. 
Lindquist ( 1 936) four..d 24. gfa of Orthellia spp . 37 and S arc oohaga spp .  
puparia parasitized by A· bimaculata , along with 1 pupa.rium of 
Hae:matobia spp . In De nmark , Thomsen ( 1 938) mentioned that the 
larvae of A· curtula Goeze cannot penetrate the old puparial wall 
of Lucilia spp . , 38 parcophaga spp . , and Pegomya spp . 39 
The campodeiform larva of A· bima.culata enters fresh puparia , 
then clo ses the hole with anal secretions . Wadsworth ( 191 5) , how-
ever , thought that the hole was c losed by fluids produced by the 
fly pupa . Unlike other para sitic staphyli nid s ( Balduf 1 935) , !· 
tri stis does not chew through the pupari a. l  wall to escape , but 
before pupation opens the emergenc e cap normally used by the adult 
fly, then recloses it wi th detritus . Hafez ( 1939) said that A .  
moe sta Gravenhorst arrl A· bipustulata feed readi ly upon first and 
40 41 sec on� instar larvae of Musca spp . , Sepsi s spp . Leptocera spp • •  
and possib]y on mite s .  �. sparsa wa s reported by Wright et al. 
36Diptera : P silidae . 
37Diptera : Husc idae . 
38niptera : C alliphoridae. 
39Diptera : A nthomyiidae. 
4o Diptera : Sepsid ae .  
41n · t B ' . d  i p  era : or o ori ae . 
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( 1 947) as overwintering i n  the pupa l stage , in the puparia of the 
carrot rust fly. I n  South Dakota , K e s s ler and Balsbaugh ( 1 9?2b) 
found that A· bimaculata had a rate of parasitism of face fly pupae 
of 1 . 08%. 
The proctotrupial Exallonyx ligatus Nees42 was reported :from A .  
bimaculata by Smi th ( 1 922 ) ,  and the nematode Parasit:vlenchoides 
rheocharae Wac hek43 has been r eported as a parasite of !· spadicea 
Erichson in Germany by W'achek ( 1955) . Nite eggs and adults of 
!Yrophagus lo ngior ( Gervai s ) 44 were found within the atxiominal 
coelom of A .  tri stis (Drea 1966) . Kemmer ( 1926) found that larvae 
of A· curtula c ould not penetrate fly pupa.ria , so fresher , softer 
pupa:ria were selec ted for hosts . Wi shart ( 1 957) found similar 
results -w'i. th A_. bipustulata ,  which attacks !!.· brassic ae. 
Benson and Wingo ( 1 963) reported that p arasiti sm by �· pallipes 
of the fac e fly ranged from 24. 0 - 84. �·b. A .  pallipes was also re­
covered .from face fly pupae by Cates ( 1 964) . Seasonal parasitism 
by A· pa.llipes i n  Mi ssouri ranged from 0 . 2  - 1 1 .  % (Houser and Wingo 
1967) .  Sanders and Dob s on ( 1966) obtained A· pallipes ,  Eucoila spp . , 
and an unidentifi ed sp ec i e s  of Pteromalidae from many specie s of 
42nymenoptera : Proctotrupida.a [=Serphidae] • 
43Nernatoda : Tylenc hoidea. 
44.Acari.na : .Acaridae.  
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buc oprophilous dip tera , but only found A· pa.llipe s in the .fac e fly. 
The c ommo ne st parasite of the fac e fly , as dete:nnined by Thomas and 
Wingo ( 1 968) wa s Euc oila impatiens , averaging 55. 0% • . They also 
found that A. pallipe s  averaged 52 . 6% parasiti sm ,  and A .  bima.culata 
pa.rasitized on]y one fac e fly puparium, for a o . 2',£  average.  I n  
their study, A.  pallipes c ould not emerge from the pupar:i.um. 
The life cycle of the introduced Jamaican parasite , A .  
taeniata , was studied by White and Legner ( 1966) . 
When the face fly was first found in North America ,  no natural 
parasites were ever a s s ociated with it ( S toffolano and Nickle 1966) . 
But in 1965, a new speci es of nerr...atode , Heterotzlenchus , was .found 
to pa�asitize 23 female fac e flies in a laboratory colony at C ornell 
Uni vel ... si ty. Thi s nematode c auses ovary destruction, as noted by 
Stoffolano and Nickle ( 1966) . Heterotyle.ri..chus spp . are unique 
among the Alla.ntonematidae bec ause they h.a.ve an alternation of 
grunetogenic and parthanogenic stages.  Bovian ( 1937) found H.  
aberrand Bovi en in 9. 0 - 25. 00} of a p opulation of the onion maggot 
:fly, !!ylenxya entigua (Meigen) . Heterotylenchus spp. can be found in 
larva.a , pupae ,  and adult .flies,  or in manure itseli. 
H. auturnna.li s was rec overed from fac e flies in Ner11 York 
(Stoffolano and Nickle 1966 , Nickle 1967) , while Jones al"..d Perdue 
( 1967) , in Nebraska , reported that field parasitism of £ace fli es by 
thi s  ne?natode was 21 .6% of the adults ,  and 31 . '7%  of flies reared 
from du..�g . Stoffolano ( 1968) found that 6 .Cff, of the face flies 
checked in New Engl:.url -:,.;er e infected wi. th H. <':u.1tl.n--�"'lalis . Thomas 
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and Wingo ( 1968) found that face fly reduction i n  Ni saouri wa s due 
to para sitic and pradac eous biota ,  and Thomas and Putler ( 1 970) 
hypothesized that £!. autum.?'\..ali s  rn.ay have greatly c ontributed to 
thi s reduction. Treece and Hiller ( 1968) di sc overed that 94. 7% 
of the nematode-i nfe sted face flies in the sec ooo or J a.ter gonado­
trophic cyc le had ovari es without eggs . Kes sler a.00. Ba.lsbaugh 
( 1972b) found that the rate of parasiti sm of H .  autu.nmali s  of 
adult .face flies was 5. 01% i n  1969 � and 6 . 6zf:, in 1 970 . 
Bacterial di sea ses.--- Bacillus thuringiensis produces an 
exotoxin which i s  effective against dipterous i nsec t s , .  which is 
called ' 'fly fac tor or thermostable fly toxin'' ( Gringrich and E schle 
1971) , or 11�. _!:. beta-exotox:in" ( Heimpel 1967) . It i s  water soluble , 
thermostable , and effective when taken by cattle per o s .  Recently 
its chemical structure has been disc overed (deBorjac . and Dedonder 
1965, 1968 , Farkas et al. 1969, Sebesta et al. 1969 ,  Kim and Huang 
1970) . Supernatant aqueous extracts of commercial products of 
,!!. thu:ringiensi s  (Cantwell et al. 1964, G�ingrich and Eschle 1966) 
and filtrate fractions o f  laboratory culture s (Briggs 1960 , Burgerjon 
and deBorja.c 1960) are all products with these desirable c harac ter­
istic s .  Gringrich and Eschle ( 1971) found that the maj or la.rvicidal 
aotivi.ty against the horn fly in a c ommercial product was found in 
the water soluble fraction. The toxins were c alciu.m c ompound s ,  and 
�hen freed from calcium and solubili zed at neutral pH , ha.d the char­
acteti stic s  of B.  t.  b eta-exo to:dn. These toxins were then :fed to 
39 
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cattle , and were active agai nst inunature horn flie s .  
C ommercial preparations o f  �. thuri ngiensi s were used as an ad­
ditive to quail food for fly c ontrol ( Borgatti and Guyer 1963 . 
Mec halas and Beyer 1 963) and agai nst the house fly , Musc a domestica , 
by Briggs ( 1 960) , Dunn ( 1 960) , and Burgerj on and Gallic het ( 1 965) . 
Cantwe ll et al.  ( 1 964) d emonstrated that the rn50 of �. thuringiensi s 
exotoxin against face fly la.rvae was more than l� time s tha t nec e s s ary 
to kill culicine larvae , and more than 1 0  times that necessary to ki ll 
house fly larvae . Thus , differenti al susc eptibility of the fly fac tor 
is demonstrated among important dipterous insec ts . Hower and C heng 
( 1 968) found that .£. thuringiensi s at 0. 37 grn per kg body weight 
caused a 99. 6% red ucti on in adult fac e flies , and at 0 . 185 gm per kg 
body weight , caused 84. 9% reduc ti on in emergent adult fac e fli e s .  
Gringrich ( 1 965) used �· thuringi ensi s as a feed additive to c ontrol 
larval Diptera . 
Spirochetal di sease s .---- C heng ( 1967) reported ?n the stati stical 
correlation between face fly abundanc e and frequency of pink eye in­
cidence in c attle . However ,  no one has demonstrated transmission 
of thi s spiroche te in experiment s .  
Phoretic rela.ti onshins .- McDaniel et a l .  ( 1 971) reported that 
all 3 speci e s  of Sphaeridium in dung were covered with all nymphal 
instars and both s exe s of adults of unidentified Me sostigmata . The se 
were not parasitic . but rather phoretic . They also reported that 
.Q_nthophagus hec ate was an important factor in di stribution of the 
mites found in bovine excrement , serving as a transport host , as were 
!Phodius strigatus and A .  fimetarius . 
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METHODS AND }'J.A TEIUA LS 
Exoer.imental d e sign .�- I n  ord er to test the insecticidal effec t s  
ot ULV applicati ons o f  aerially-applied organophosphorous c ompound s ,  
two herd s of cattle were used . One , the tes t  herd , wa s located 
a long the Big S i oux River just at the Brooki ng s - Moody county lln.e . 
During 1971 the check,  or c ontrol herd , wa s located in Moody 
County 1 mile west of' the te st herd . In 1972 a different check herd 
was used , this one loc ated in Brooking s  C ounty , 2. 5 miles northwest 
ot the te st herd . Thi s region of South Dakota is  an extension of the 
N orthern Great Plains , previously glaciated , and i s  known a s  the 
C oteau d� Prairi e s  (We sti n et al . 1 967) . 
The te st herd numbered about 60 c ows with c a lves ( Hereford and 
Angus , and Hereford x A ngus bre ed s) , and 2 Hereford bulls.  These 
animals were maintained duri ng the expertment solely on pasture 
grasses with no food supplement s .  No  persi stent chemicals had been 
applied to the se animals prior to the study , and no chemicals other 
than the experimental c omp ound s were used in the te st area s during 
the experiment. Thi s insured tha t no re sidual insecticides could 
affect either the cattle or the insec ts of the dung microc o sm. 
The c ontrol herd used the first year numbered about 45 c ows 
With calves ( Hereford , A ngus , and Charolais breeds) , and 2 C har olais 
bulls . Spatial separa ti on of the 2 herd s and the method of · ap­
Plication insured that there wa s no possibility that wind-drirted 
insec ticides from the te st c ould c ontaminate the c ontrol herd s .  
The control herds met the same requirements with respect to previ ou s 
use of i n s ec ticides and faeding habits a s  did the test he.rd . 
The sec ond year c ontrol herd c ontained about 25 c o�s �th calves 
(Hereford , A ngus , Hereford x A ngus , and C h arolai s breed s) , and 2 
Charolais bulls whic h were put into the herd in the latter part of 
August , 1972 . This herd was pastured o n  land with a higher s and 
c ontent than the other herd s .  The s e  cattle were naintained on 
prairie gra ss and c lover . The herd also met c omparable insecti­
cidal requirements. 
Method of taking !_&: c ounts. -- A s  pa.rt of a preliminartJ study 
to determine the populatio n  levels of adult fac e and horn flies , 
fly c ounts were taken beginning in late June , 1 971 , and mid - June , 
1 972 , using ? x 50 binoculars and data sheets to record the 
counts . The number of fac e flie s  were rec orded as the number of 
flies per face for each of the 3 types of hosts , i . e .  c ows , calves ,  
and bulls ; the number of horn flie s  were taken a s  the number of 
horn flies pe� side for each of the 3 classe s .  As the number of 
horn flies per side varj_es depending upon which side is observed 
( i . e. sunny vs . shady side) , I always attempted to record fly 
c ounts from the sunny side. For eac h fly species , counts were 
made on 1 0  cows , and as many calve s  and bulls , up to 1 0 ,  that the 
respective herd c o ntained . Averages were taken of all c ounts per 
day per host, age - s ex group . The se averages were used as the 
ind ex of relative abundance for flies on that host group for that 
date . 
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C ount s were taken on the day before , the day after ,  and one 
week after · trea tment. The lat ter c ount c ould c orrespond wi th that 
for the day before the sec ond treatment . Thi s proc edure was used 
both years on all 3 aga - sex group s of cattle . 
Method of c ollecti ng samples . -- On the same days that fly 
counts were mad e ,  dung samples we:re c o llec ted and brought back to 
the laboratory for heat extrac ti on of inc luded biota . The method 
employed for gathering samples during the first year was to lift 
and slide the dung pat into a plastic bag ,  via a small shovel ,  
which was then sealed with a twi st - ti e t o  ensure c ap tivity o f  all 
dung fauna. . In the laboratory , Berles e  funnels were used to separate 
the insects and arthropods from the entire c ow pie . Bi ota for 
1 971 c ollec tions can thus be exp r e ssed as the number of arthropod s 
per total c ow pie .  Thes e  sample s were taken i n  the following c la s se s 
of dung ages : 1 )  less  than 2 hours old ; 2) 2 - 24 hours old ; and 
3) more than 24 hours old . 
A t  the b eginni ng of the summe r  of 1 972 I ran a preliminary 
experiment to determine the smalle st portion of a c ow pat that c ould 
be used to extrac ti o n  ·wi th Berlese funnels ar.d sti ll retai n the 
same relative abundanc e of all biota as c ontained in an entire pie .  
I designed a cutting tool which would remove a standard volume of 
manure c ontaini ng all dung biota in proportion to those in the 
entire pie .  The too l wa s 2 . 54 cm x 12 . 70 cm x 15 . 24 cm x 5 , 08 cm . 
for a standard volume of 642 . 49 c�J • .  1Sy u.oing thi s too l 9  bi ota 
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c an be expre s sed. as the number of arthropods per star.dard volume. 
Smaller subsample s i z e s  ware mo� e advantageous because they had 
the sa.me relative abundanc e of dung fauna , and due to their smal-
ler size s ,  samples c ould be exa.rri�ned and rec orded very much faster 
than when dealing with a whole pie .  
I n  1 972 ,  4 subsamples o f  dung �ere take n at both the test 
and c o ntrol herd s i te s , on eac h day that fly counts were mad e .  The 
age cla s ses of dung used were : 1 )  ( 5 hours old ;  2) 5 - 24 hours 
old.  These ages of bovi ne manure were experimentaD.y determined 
to be characteri stic of the suc c e s sion of different insect species 
in dung. A fter placing each sub s ample i n  the Berlese funnel ,  I 
checked the heat-extrac ted fauna onc e eve�J 3 hours , for 2 days . 
It was thus determined that 65. Q'fh of all fauna were extracted after 
3. 0 hours ; 80 . 0%  after 6 hours ; ar.d after 6 . 0 hours , no great ad-
ditional numbers of beetles or fly larvae were extracted . Thus 
all extrac tions were c ollected after 6 . 0  hours under the furi-.nel. 
I n  the field , these subsa.�ples were sealed in plastic bag s at the 
time of collec ti on , and t hen taken back to the laborato1�r for heat 
extraction • 
.A fter heat extraction was co:.ipleted , id entification of the in-
sects was made and their numbers rec or ed . 
Ultra-low-volune apnli c ation of i n s ec ticide s .�- Only one spray 
® 4 � 12  0 of Ravap ) was appli ed dw."ing 1 971 . I t  was appli ed at • oz per 
45 , G _,.J na@ ( 2-chloro-1 - ( 2 , 4 , 5-A 1 :  4 rriJ.xb.:.::."8 of dic hlorvo s  2_ nn aru o  .. · trichlorophenyl) vinyl dirietb.yl p!10spnate) • 
ac re using 6 no � z le tip s , size 0 . 8001 5 ,  a 50 . 0  foot swath width , via 
a C o:rtrr!:land e r  No.  A - 9 aircraft flown at an approach speed on 90 . 0  mph .. 
A tank pre s sure of 40 . 0  psi wa s used . Upon approachi ng the c attle , 
the pilot cut hi s  engir.e and drifted over the herd , getting as c lose 
to the ground as he c ould . Two pas s e s  were mad e over the unrestrain-
ed animals to give proper do sage and ensure thorough coverage . 
The aircraft u s ed  during the summer of 1 972 was a Piper Super 
Cub No . PA - 1 8 . The same s i z e  ar.d number of nozzles , ��ath width, 
approach speed , tank pres sure , and application technique wa s used 
in 1972 as was used in 1 971 . The first 2 sprays in 1972 were with 
Rabon ® , 46 ar.d the la st spray of 1972 wa s with 95.(lfo malathion. 
Laboratory identific 8.ti on of biota and stati stic al analysi s.-­
After extrac tions of the i n s ec t  and arthropod fauna with Berle se 
funnels were c o�pleted , samples were take n  to the laboratory, and 
identified using a. Wild ?-1 - .5 di ssecting !dcroscope. When all 
species or families oI insects were determined , data were examined 
using the least-squares analysis of vari ance stati stical test.  
46 ( 2-chloro-1 - ( 2  , L� F  5-tric hlo:cophenyl) vi nyl dir.iethyl · p:_osphata � 
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RESITLTS AND DISC USSION 
Stati stical analysis of fly data.�- Prespray c ounts of horn 
fly nuni..bers for 1971 were significantly different ( Table 2) between 
the c ontrol herd and the te st herd . The mean number of horn flie s  
per side on the test herd was 52 , and that o n  the c ontrol herd was 
222 (Table 1 ) . No significanc e in horn flies between the 2 herds 
was demons trated between different date s .  Face fly nmnb ers , how­
ever ,  did show signi fic ant fluctuations ( Table 4) , between dates , 
but there was no significanc e from treatment effec t ( Table 2) . 
Table 2 shows 2 disti nct groupings of fly c ounts : JO Jurl.3 , 
9 July , 1 1  July ,  and 16 July have means of 307 , 218 , 273 , and 1 99 
respectively , while 23 June , 30 June , 5 August , 14 August , 21  
August , and 27 August hav�· means o f  25 , 98 , 33 , 39 ,  a nd  50 , 
respectively, Sinc e  no applic ations of i ns ecticides were ap­
plied during this period , fluc tuations in fly numbers · perhap s 
could be st be explained si�ply by difference  in herd compo siti o n .  
ai-ea site s .  weather , and other biotic influenc e s .  
For 1 972 ,  there were highly significant interactions o f  horn 
flies by date ( Table s J ,  5) which also c ould pos sibly be exp lai ned 
by the same .factors which influenc ed 1 971 face fly numbers . 
The effec t s  of the applied organophosphates on the populations 
of adult fac e and horn flies are s een i n  Figures 1 - 4. Table s 6 
and. 7 show the perc ent reduction of the s e  species on c ows . It c an 
be seen that flies wer e reduc ed wi t� all c ompound s for at least one 
day , but one week aftar applic ati o !1 ,  r ly  �umbers wera back to 
46 
pre spray c ounts or higher. 
Stati stical analysi s of beetle d ata : 1971 .- A s  might be ex­
pected , among speci e s of Scarabaeidae there were no stati stically 
significant effects for 1 971 , when c omparing the test wi th the 
c ontrol herd vi a  prespray c ounts . However , staphylinids , A. bi­
maculata , were si gnificantly different between dates ( Tables 9 ,  15) . 
This i s  perhaps explained because the sample si ze was quite small. 
Even though statistic al si gnificanc e is shown , no biological 
implications should be i nferred . l,ikewi se ( Table 9) , !:• america.nus 
showed a significant treatment x date interacti on. Table 16 helps 
to explain thi s :  numbers are so  widely spread that the samp les from 
the 2 areas do not vary together , so interac ti on results . 
v ·  
I n  the fami ly Scarabaeidae , A ·  haemo�rhoidali s  i s  the only 
species whi c h  was hi ghly significant for treatment , date , and treat­
ment x date interaction ( Table 1 �. From the least square s means 
(Table 17) it c an be seen that stati stical significance i s  shown by 
the treatment values ,  viz. 40 . 1 i n  the . test herd , prespray , and 
6. 1 in the check or c ontrol herd . The different population levels 
can be explained by c onsid ering the intrinsic differenc es in the 2 
herds and other envi ronmental factors ,  as above. 
No stati stical si gnific anc e was shown fo� the Hydrophilidae , 
Histeridae , or Ptiliidae at the time of prespray c ounts ( Tables 1 0 ,  
12 . and 1J) . 
In terms of larval i nsects , only mi sc ellaneous C oleoptera , 
Which represent a grouping of all larval C oleoptera other than hydro­
Philid larvae and a numerous unidentifi ed species ( Table 14) showed 
significanc e.  The mean number of larvae a t  prespray times for the 
test replicates was 1 5. 2 ,  as opposed to the mean for those of the 
c ontrol , 1 .  4. 
Stati stical analysi s of beetle data : 1972 .- Five out of ? 
species or species-groups of the family Staphylinidae showed 
significance for all sourc es ( Table 20 ) . !• bimaculata had 
significant treatment , age , and treatment x age interactions . 
However ( Table 26 ) ,  the numbers of beetles were so small that even 
though statistical significance was shown, as in 1 971 , no special 
biological  significance is implied. Table 1 9  shows that the over­
all mean for fi· bimaculata was 0 . 05. Very small sample s also in­
dicate stati s tlc al si gni ficanc e  i nteracti ons :  !• taeniata , a 
treatment x date interac ti on ( Tables 20 , 27) ; Philonthus spp . , a 
treatment x date interac tion ( Table s 20 , 28) ; and £:.. di s secta , 
significant date , age , and treatment x age interactions and 
highly significant treatment x date and age x date interactions 
(Tables 20,  JO) . 
Almost all hydrophilids showed significanc e .  .e_. lunatum showed 
interaction between the te st and c ontrol herd s with prespray observa­
tions ( Tables 21 ,  31 ) . £.. gui sguilius showed significanc e with the 
treatmen.t x age interaction . and a highly significant relationship 
between date and age ( Tables 2 0 ,  32) . These relationships can 
again partly be explained by unequal sample si ze , and intrinsic dif­
ferences in treatment area s .  £.. pygmaeus also showed significance in 
3 areas :  treatment , date , and age ( Table .33) . However , 
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overall samples also greatly c ontributed to these differenc e s .  
The only significanc e  in prespray vs . control observations 
involving S c arabaeidae c ame with �. haemorrh oidali s ,  i n  sample s 
of di fferent age ( Tables 22 , J4) . This differenc e i s  not nec e ssarily 
biologic al a s small samples wer again involved . 
Many significant diff erenc s are shown by the various larval 
insects ( Table 25) .  Mu scid larvae were stati stically significant 
between age s ,  and hi ghly signi fic ant between dates and date x age 
interac ti on s . Table 35 helps to illustrate why thi s m.ay happen, i. e .  
all numbers are very small exc ept fo� one value from each source. 
This high degree of fluc tuati on c ould explain in part why statistical 
significanc e  wa s shown. S arc ophagid larvae were high]y significant 
for date , age , and treat�ent x data interaction ( Table 25) . Table 
36 indicates that low numbers and much fluctuation may again be a 
cause of this. Table 25 also shows that no stati s tic-al si gnific ance 
was shown by the unidentified Diptara , and among the mi sc ellaneous 
Diptera ( whic h  is a groupi ng of all dipterous larvae exc ept for Muscid s ,  
Sarcophagids ,  and an unidentifi able , but numerous , species) , only 
date was significant . Table 37 · d emonstrates that all numbers were 
low except for c ounts from 29 July, 1 972 , which c ould acc ount for 
the significanc e. Hydrophilid beetle larvae showed significance 
batween age and date x age , and high significance be�ween dates 
( T  1 , nd �1uc t ..$.i able 25) , which is best explained by ow numoers a_ .L ua. "' ons 
th erein ( Table JS) . Unidenti.fied c oleopterous larvae s howed 
si gnific anc e  betwe en datvs , trBat.ment x date , and date x age ( Table 25) .  
The same reasons for significanc e ( indicated in Table 39) are of­
fered as above . }li sc ellane ous C oleoptera (which i s  a grouping of 
all c oleopterous larvae except for hydropr� lid s ,  and an unidentifi­
able but nwnerous , spec i e s ) , were signific ant between date s and 
treatment x date interactions , due to low numbers of beetle larvae 
on 29 July , 1 972 ( Tables 25 ,  40) . 
Stati stical anaJ.ys e s  of beetles : Rabon effects .�- The overall 
means and standard d eviations of dung fauna after Rabon was ·applied , 
when comparing the test and c ontrol samples ,  are given in Table 41 . 
The staphylinid s which showed stati s tical significa�ce when c omparing 
the sprayed area to the c ontrol were f. arnericanus and !_. di ssecta 
( Table 42) .  The highly s i g ni fic ant treatment effec t ,  as shown in 
table 48 ,  of ,E. runeric anus i ndic ate s that the organophosphate may 
have reduc ed the numbers of this predatory species , because the means 
of the test , prespray, and the c ontrol are 1 . 4  and 7 .. 6 , respectively. 
E. dissecta also had a hi ghly si gnific ant treatment effect ,  with the 
test, postspray, having a mean of 0 . 25 ,  while the control had a mean 
of J. 8 (Table 49) . Small sample size in this latter example ma.Y-
mean that the significance i s  more stati stical than bi ologic al ,  
because the mean number o f  beetles would have t o  be appreciably higher 
than the actual means to indic ate biological si gnificanc e .  
Among the hydrophilids , signific anc e wa s only shown among the 
2 specie s of C ercyon ( Table 4J ) .  f. gui squilius did not show any 
significanc e betwe en treatments ,  but the means of dung agas , and 
t�eatment x date i nterac ti on s  we re significant ( Table 50) • Dung 5 
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hours old had a mean of 2 . 2  per sample , while dung from 5 - 24 hours 
old had a mean of ?. ? per sample. The treatment x date signific anc e 
can be explained as above , i . e. numbers are low except for 1 date , 
so fluctuations are wide . Thi s explanation could also be part of 
the reason why every test is significant or high)y significant for 
Q. pygmaeus ; numbers are generally low exc ept for one reading per 
category , as indicated in Table 51 . 
The dung scarab significance shown by h_. haemorrhoidali s in 
iables 44 and 52 pertains only to date differences , and is weather -
related. The significanc e as applied to A· firneta:rius ( Tables 44, 53) 
can be partly ·attributed to very small sample size.  
The ptiliid �. fi lic orni s ( Tables 46 ,  54) is another case of 
a widely fluctua ti ng species , yielding stati stic al signi ficance due 
to a sudden " explo sion'' in numbers . This species has been noted in 
the past also to be cyclic with re spe�t to occurre �ce in bovine 
manure (McDaniel et al. 1 9?1 ) . 
A s  indicated in Table 45 , no statistical significance was 
shown by the hi sterid _!i. abbreviatus .  
As i n  previous comparisons , larval insec ts were shown t o  have 
a great deal of statistical si gnificance after Rabon applications 
(Table 47) . Musoids were significantly different with respect t.o 
date arxl age (Table 55) , and this again could be caused partly by 
unequal sample numbers and a large degree of fluctuation. Uniden­
tified Diptera larvae showed a significant treatment difference . 
With the test , postspray,  having a mean of 0 . 4  per sample , 
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while the c ontrol had a mean of 1 . 2 per sa."nple ( Table 56) . Hydro­
philids were significant wi th re spec t to treatment , date , and trea v­
ment x age interac ti ons , and hi ghly significant with age .  This also 
c ould have been caused by the sr'l.8.11 sanple numbers ( Table 57) . The 
last larval insec t to show significanc e were mi scellaneous C oleoptera . 
which were significant with respect to date ,  age . and date x age 
interacti ons .  Table 58 illustrate s why thi s stati stical significance 
exi sts ; small mean nur:ibers c oupled with occasional large means 
results in statistic al, but not necessari ly biological, signi£icanoe . 
Statistical ana;!_:yses of bee tles : Malathi on effects.�- The 
overall means and standard deviati ons of all dung fauna after the 
application of malathion are given in Table 59 . No statistical 
significance was found for arry species of Staphylinidae , Hydrophi lidae , 
Sc arabaeidae ,  Hi sterid ae , Ptiliidae , or larval in3ects , Tables 60 -
65, respectively ,  after thi s  applicati on. 
SUE!vf�RY AND CONC LUSIONS 
C hemical c ontrol of flies .�- One day after the applicati on of 
Ravap on 9 July , 1 971 , horn flie s  were reduc ed on c ows 69,, 6% f:rom 
prespray c ounts , but one �eek after applic ation, the horn flies had 
increased 217.4% over prespray c ounts ( Table 6) . Fac e flies were 
reduc ed on c ows 26. 1% and increased 60 . 8</o over pre spray levels one 
day and one week after spraying , r e spectively ( Table 7) . If one 
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considers the economic levels of horn flies per cow to be JOO , and 
face flies per fac e  to b e  5 ,  Ravap c ould be c onsidered to be effective 
for less than one week against horn fli e s , but not so against fac e 
flies ,  due to sample siz a .  Only one spray of Ravap oould be made 
during 1971 , so further tests of thi s organophosphate should be 
made before arry definate conc lusions c an be reac hed . 
In 1 972 , Rabon appli ed on 1 July reduced horn .flies on c ows 
96. 2% on the day after application , and 9. 4% one week . after applica­
tion. Ra.bon was again applied on 8 July, and showed 95. % and 48. 1% 
horn fly reduction on c ows one day and on9 week after application, 
re spectively (Table 6) . One applic ation of malathion was applied 
on 29 July , and this resulted in horn fly reduction on c ows on the 
order of 8J . o% on the day after applic ation ,  and 14. o% one week 
after application , much poorer re sults than other workers have 
found ( Balsbaugh et al. 1 970) . Fac e fly reduction on c o�s with these 
organophosphate s was as follows : fir3t Rabon application reduc ed 
face flie s  90 . 9% o n e  day after spray , and an increase of 127. 3% one week 
p o st-applic ati o n ; the sec ond Habon applic ation reduced fac e f lies 
76 . 0fo after o ne d ay and 32 . 0%  after o n e  week ; and malathion reduction 
was 29 . 4% and 17 . 6% one day and one week p o st- spray , respec tive ly. 
Thus � Rabon was the better of the 2 insecticid Js used during 1972. 
both for initial reduction , and reduc tion after one we ek . 
Stati stic al ana].yses of  beetle s :  1211.-- P otenti al effects of 
adverse weather , i . e . rain , were at an absolut e minimu:n during the 
summer of 1971 . Thus , any significa n t  differences in dung biota may 
be attributed to the following facto s :  1 )  differenc e s  in food 
plants of c attle of the 2 herd s ,  which may have caused a differential 
nutrient ba se of bovine manure , potentially favori ng development , 
oviposition9 and habitati on of b e  tle s arrl flies in different ratios ; 
2) differences in soil typ s on which cattle were pastured : fac e 
fly l�ae can migrate fa ster as they move toward pupation over 
sandy soil (which was a maj or c onponent of the soi l of· the check herd 
as opposed to the test herd) , so a pos sible survival mechanism could 
operate ; in addition,  sandy soil drains faster than does '1 nonnal". 
pasture land , as C OW'  pats may des sicate faster over sandy soil ; 3) 
differenc es in herd c ompo sition ; and 4 )  seasonal succession of fauna 
in both areas . 
When corrrparing the pre spray c ondition of the test herd with 
that of the control ,  means of the former were consistently higher 
or nearly equal to , means of the latter. This was true for all com­
. th ponents except p. am,:3ricanus , whic h  ·was twice as munerous 1n .... e 
c o ntrol ; unid entified Dintera , whic h wer twice as numerous in the 
control samples ; and mi sc ellaneous Diptera , which were 3 times more 
numerous in the c ontrol. 
Stati stical anal,yses_ of beetles : J972 .�- Weathar conditions 
were not a factor in p opulation fluc tuations until the day after the 
malathion spray (which wa s app lied on 4 August 1 972) , when a light 
rain c ould have interfered. with the ac tion of the insecticid e ,  and 
thus its potential side effects .  Thunderstorms o n  1 0  August also 
could have affected counts of dung biota.. The levels of dung fauna , 
by family ,  were subequal in thi s pre spray vs . control situation. 
Rabon effec ts .-- _E. americ a nus was highly significantly reduced 
(Table 42) a..fter the application of Rabon at a tine when the popula-
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tions of thi s  species was increasing i n  the check herd (c . f. Tabla 20) . 
f.. dissecta was also hic;hly significantly reduc ed  ( Table 42) , but 
small sample si zes and inter actions between treatnent and age , and 
date x age make identifying the cause ( s ) of significance difficult. 
Thi s  is also the c a s e  wi th_f_. EYf";D..a.eus ( Table 43) and !}__. firnetarius 
(Table 44) . !• ha.emo:rrhoidali s ,  however , wa s highly significantly 
reduced by Rabon although small sample sizes c ould have interfered 
with the acc uracy of these c onc lusions ( Table 44) . Thus the popula­
tions of dung beetles , both so�e of the predac eous and s ome 
c op� ha b 8_.r. -: ec+ ed by orbO' "" nophospha te insec ticides • op gous speci es , may a .!.. � ..... 
1i · · +-i· c ..L e  - .t.. "" s1nou.,.Ld be app · ed at ULV , and further , r.iore species- speci.1. v � L;;, 
attempted in t.ha futu:!'e . 
Table 47 shows that muscid s were not harmed by the sprays of 
Rabon, but the unidenti fi ed Diptera were significantly reduc ed .  Low 
numbers again c ould have c ontributed to thi s stati stically , but not 
necessarily bio logic ally , signific ant F value . The other larval in­
sects si gni ficantly red uc ed by Rabon were hydrophi lid s ( Table 47) . 
Low numbers of ind i viduals ( Table 57) and interactions of date , age , 
and treatment x d ate i nterfere with re sul t s .  Thus , as with C oleoptera , 
c oprophagous Diptera should also be investigated further for spec i e s­
specific reactions to orga nop ho sphates .  
From the s tati s ti c a l  analyses of the se data then , mo st species 
of dung ins ec ts remained unaffec ted by Rabon . 
Malathi on effec t s .�- No si gnific a nt effects were obs erved on 
dung fauna that c ould be attributed to malathi on . 
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Table 1 .- Overall means and star.dard deviations for adult 
flies for 1971 and 1 972. 
Year Species  M SD 
1 971 Musca autumnali s 20 . 61 1 1 1  1 1 . 04077 
Haema.tobia irritans 1 36 . 72222 160. 00618 
1972 Musca autumnali s 1 3 . 60000 10. 03887 
Haematobia irri tans J68. JOOOO 244. 61465 
83 
Table 2.---- Least-squares means and standard errors for adult flies for 1 971 . 
Species S ource 
Musca autumnalis Treatment test 
control 
Date 30 June 
9 July 




1. 4 August 
21 August 
27 August 
Ha.amn.tobia irritans Trea.bnent test 
c ontrol 











1 9. 1 1 1 1 1 1 1 1  
22 . 1 1 1 1 1 1 1 1  
32 . 50000000 
27 . 00000000 
38 . 50000000 
26 . 50000000 
1 0 . 00000000 
1 3 . 50000000 
1 2 . 00000000 
1 5 . 00000000 
1 0 . 50000000 
51 . 66666667 
221 . 77777778 
J06 . 50000000 









1 . 73205081 
1 .  73205081 
J . 6?L�2J461  
38. 69457406 
38. 69457406 
82 . 0835871 4 
(X) 
+:-
Table J.--- Least-squares means and standard errors for adult flies fo� 1 972 . 
Specie s  Sourc e 
Musca autumnalis Treatment test 
c ontrol 




1 5  J u]y 





Haemntobia irritans Treatment test 
control 








1 9  August 
26 August 
ISM 
1 1 . 70000000 
1 5. 50000000 
2. 50000000 
1 0 . 50000000 
7 • .50000000 
9 . 50000000 
1 3 , 00000000 
28 . 00000000 
1 4. 00000000 
9. 50000000 
26 . 00000000 
1 5. 50000000 
393 . 00000000 
343. 60000000 
21 . 00000000 
42 . 00000000 
l�51 . 50000000 
802 . 50000000 
459 . 00000000 
. 509. 00000000 
461 . 00000000 
437 • .50000000 
)28. ,50000000 
1 71 . 00000000 
SE 
2 . 79841225 
2 . 79841225 
6 . 25744002 
J 5. 8661 Li-002 
35. 866il�002 
80. 1 9912718 
co 
� 
Table 4.- Analyses of variance for adult flies for 1 971 . 
Species Source df SS MS 
Musca autwnnali s Treatment 1 40. 500000 40 . 500000 
Data 8 1815. 777778 226. 972222 
Haem�tobin irritans Tl"eatment 1 1 30220. 055556 130220. 055556 
Date · 8 197210 . 1 1 11 1 1  246 51 . 26 3889 
* p < 0 . 05 
* *  p < 0 . 01 
Tablo 5.�- Analyses of vari ance for adult flies for 1 972 .  
Species 
Mu sca autunmali s 
Haematobia irritans 







72 . 200000 72 . 200000 
1 1 37. 800000 126 . 422222 
12201 . 800000 1220 1 . 800000 
1008914.200000 1 12101 . 577778 
F 
1 . 500 
8. 406** 
9. 664* 
1 .  829 
F 
0 . 922 
1 . 61 4 
0. 949 
8 .. 71 4** 
� 
Ta.bJ.e 6 . -- Percent reducti on of adult horn flies on cows from prespray c ounts after 
insecticide applicati ons for 1 971 and 1 972 . 
Avg # horn flies Avg it horn flies Avg # horn flies 
Insecticid e  1 day pre spray 1 day P.ostspray % change 1 week postspray % change 
Rava.p L� 1 4  - 69. 6 1 46  +. 21 7 . 4 
Rabon I 795 3 - 96 . 2 770 - 3 . 2 
Rabon II 770 33 - 95. 7 400 - 48 . 1  
ma lathi on 500 85 - 83 . 0  430 - 1 4. 0 
Table 7 .�- P erc ent reduc ti on of adult fac e fli e s  on c ows from prespray c ounts after 
i nsectic ide applications for 1 971 and 1 972 . 
I nsecticide Avg -# fac e fli e s  Avg 1/: fac e flie s Avg # fac e  flies 1 day pre spray 1 day postspray % change 1 week postspray rf, change 
Ravap 23 1 7  - 26 . 1  37 + 60 . 8 
Rabon I 1 1  1 - 90 , 9  25 + 127. 3 
Rabon II 25 6 - 76 . o  1 7  - 32 . 0  
malathion 17 12 - 29 . J4- 1 4  - 1 7 . 7 
en 
""" 
Table 8 .- Overall means and standard deviati ons o:f dung 
in.sects for 1 971 : Prespra.y , te s t  vs . control.  
Species or Group 
Platystethus americ anus 
Misc ellaneous Diptera 




Fa.lagria di sseota 
Oxypoda sagulat.a 










A leocha:ra bimaculata 
Hydrophilidae 
Unidentified Diptera 




41 . 46429 
2J . 12486 
18. 35714 
16. 1 7857 
14. 14286 








2 . 96429 
2 . J.5714 
2 . 00000 
1 . 64286 
1 . 39286 
1 . J9286 
o . 85714 




1 51 • .51 005 
51 . 44844 
27. 57107 
23. 91660 
21 . 68241 
10. 14159 
13. 1 9186 
· J . 32220 
10. 73262 
20. 19796 




4. 1 9183 
3. 32220 
4.27927 
1 . 57149 
3. 30364 
1 . 14550 
2 ,. 00792 
0. 72283 
88 
Table 9.--- Analyses ot variance for Staphylinidae for 1 971 . 
Species Source df SS �� It" 
A leochara bimaculata Treatment 1 0. 03571 4 0 . 03571 4 0 . 022 
Date 6 28. 928571 4. 281 429 3 . 000* 
TreA'bnent x Date 6 1 5. 214286 2 .  535714 1 . 578 
A .  taeniata Tl .. ea. tment 1 60. 03571 4 60. 03571 4 0. 978 
Date 6 1 06 . 714286 1 7. 78571 4 0 . 290 
Treatment .:x: Date 6 286 ., 714286 4·7. 78571 4 O o 778 
A .,  bipustulata Treatment 1 5. 1428)7 5 .. 1 42857 o . 424 
Date 6 35. 000000 5,. 833333 0 ,, 480 
Treatment x Date 6 8? .. 8571lt) 14. 642857 1 " 206 
Philonthus spp . Treatment 1 0. 892857 0 . 892857 0 . 053 
Date 6 105. 928571 1 7. 654762 1 . 041 
Traa unent x Date 6 38. 357143 6 0 392857 0. 377 
Platystethus american!!_s Treatment 1 1 068. 892857 1 06 8 . 892857 o. 416 
Date 6 30814. 714286 5135. 785?1 4 2 . 000 
Treatment x Data 6 . 58.565. 85?143 9760.  976190 J . 801* 
Falagria dissectn 'l'rea tmant 1 57. 1 1}2857 57. 142'857 0. 660 
Date 6 976 . 000000 162 . 606667 1 . 877 
Troatinent x Date 6 530. 857143 88. 476190 1. 021 
Oxypodn. sagulata. Tre.atment 1 456. 035714 456. 035714 3 . 590 
Date 6 2149. 428571 358. 238095 2 . 820 
Treatment x Date 6 314. 714286 ,52 . 452381 o. 413  
* p < 0. 05 
o:> 
'° 
Table 1 0 .- Analyses of variance for Hyd1--ophilidae for 1 971 . 
Species SoID"ce df SS MS 
S2hueridiu111 lunaturn. Treatm-0nt 1 276 . 571 429 276 • .571 429 
Date 6 3706. 357143 617. 7261 90 
Treatment x Data 6 1 143 . 928571 190. 69�762 
�. bi�ustulnhm. Treatrnent 1 1 1 .  571429 1 1 . 571 429 
Date 6 132 . 928571 22 . 1 54762 
Traatment x Date 6 42 . 928571 7. 1 54762 
C ercyon quisquilius Treatment 1 1 008. 000000 1 008. 000000 
Date 6 21 08. 928571 3.51 . 488095 
Treatment x Date 6 2723$ 500000 453 . 916667 
C a  pygrrmeus Treatment 1 2. 892857 2. 892857 
Date 6 1 319. 857143 219.  9'76190 Treatment x Date 6 177. 8.57143 29.642857 
F 
o.658 
1 . 469 
o. 453 
o. _564 
1 $ 081 
0 . 349 
2. 059 
0. 71 8 
0. 927 
0. 025 
1 . 91 3 
0.258 
'° 0 
Table 11 .- Analyses ot variance for Scarabaeidae for 19?1 . 
Species Souroe df SS MS 
AEhodius haamorrhoidali s Traa.tment 1 8092. 000000 8092 . 000000 
Date 6 27504. 928571 4584. 1 9}762 
Treatment x Date 6 25694. 500000 4282 . 416667 
A· f'imetarius Treatnumt 1 66 . 03571 4 66 . 0J.571 4 
Date 6 460 . 714286 76. ?85714 
Treatmdnt x Data 6 1�1 0 714286 73 . 61 9048 
Onthophagus hecate Treatment 1 0. 035714 0 . 03571 4 
Date 6 1 . 857143 0. 309524 
Treatment x Date 6 4. 714286 0. 785714 
**p < 0 . 01 
Table 12 .--- Analysis of va.rianee for Histeridae for 1971 . 
Species 















16 . 988095 
13. 392857 
F 




0 . 91 5  
o . 878 
0 . 067 
0. 578 
1 . 467 
F 
) . 1 37 
0. 933 
0 . 735 
'° ....... 
Table 13.--- Analysis of variance for Ptiliidae for 1971 . 
Species 
. * Srnicurus filicorms 




Treatment x Date 
df SS MS 
1 393. 7.50000 393 . 750000 
6 24?6 . 21 4286 412 . 702381 
6 1650 . 500000 275 . 083773 
Table 1 4 0--- Annlys�s of varinnc e for larval insects for 1971 . 
Gr·oup Source df SS HS 
Huscidae Treatment 1 1 90 • 321 L�29 1 90 . 321 429 
Date 6 1587. 857143 264. 642857 
Treatment x Date 6 6786 . 428571 1131 . 071 429 
Sarc ophagidae Treatment 1 371 • .571 429 371 . 571429 
Date 6 2568. 928571 428. 1 .54762 
'l"'reatment x Date 6 3948. 928571 658 . 1 54762 
Unidentified Diptora Treatment 1 1 . 2 85714 1 . 285714 
Date 6 6 .  928.571 1 . 1 54762 
Treatment x Date 6 6 . 21 4286 1 . 035714 
Misc ellaneous Diptera Treatment 1 10070. 035714 1 0070. 035714 
Date 6 1 73095. 21 4286 28849. 202381 
Treatment x Date 6 103925. 21 4286 1 ?320 . 869048 
F 
1 . 085 
1 . 138 
0 . 758 
F 
0. 387 
0 . 539 
2 . 302 
0 . 382 
o .  4l+O 
o . 676 
o . B.57 
0 . 770 
0 . 690 
o. 424 
1 . 2 1 4  
o .  729 
'° N 
Table 14.- (Continued) . 
Group Source d:f' SS 
Hydrophilidae Treatment 1 43. ?.50000 
Date 6 43. 4285?1 
Treatment x Date 6 36 . 000000 
Unidentified C oleopte�a Treatment 1 9. 142857 
Date 6 20 . 357143 
Treatmant x Date 6 20 . 357143 
Hiscalla.neous C ole optera. Trea tla.ent 1 1 330 . 3214·29 
Date 6 973 . 3571 4·3 
Treatment x Data 6 1098. 928571 




6 . 000000 
9. 1428.57 
3 . 392857 
3 . 392857 
1JJO e )21 429 
162 . 226190 
1 8) . 1 54762 
F 
3 . 571 
0 . 591 
0 . 490 
2 . 169 
0 . 805 
0 .. 805 
8.078·'· 
0 0 985 
1 . 1 1 2  
"° VJ 
Table 1 5 .---- Least- squares mea n s  and standard errors for Aleochara bimaculata (Gravenhorst) for 1 971 . 
Sourc e 
Treatment test ( t) 
control ( c )  
Date 9 July ( 1 ) 
16 J uly ( 2) 
2) July ( 3) 
JO July ( l}) 
5 August ( 5) 
14 August ( 6 )  
2 1  August ( 7) 
Interaction t x 1 
t x 2 
t x 3 
t x 4 
t x 5 
t x 6 
t x 7 
c x 1 
c x 2 
0 x 3 
C :it 4 
c x .5 
c ;{ 6 
c x 7 
I.SM 
1 .  35711 �286 
1 . 42857143 
2 . 00000000 
i.,, 25000000 
3 ., 50000000 1 . 00000000 
1 00000000 
1 . 00000000 
0 . 00000000 
3 . 00000000 
0 ., 50000000 
3 . 00000000 
2 . 00000000 
-0. 00000000 
1 . 00000000 
0 . 00000000 
1 . 00000000 
2 . 00000000 
4., 00000000 
-0. 00000000 
2 . 00000000 
1 . 00000000 
0. 00000000 
SE 





o . 89642146 
94 
Table 16.- Least-squares me ns and standard errors for Platystethus americanus Eric hson for 1 971 . 
Sourc e  
Treatment test ( t) 
control ( c )  
Date 9 July ( 1 )  
16 July (2)  
2)  Juzy ( J) 
JO July ( 4) 
5 August (_ 5) 14 August (6)  
21 August ( 7) 
Interacti on t x 1 
t x 2 
t x 3 
t x 4 
t x 5 
t x 6 
t x 7 
c x 1 
c x 2 
c x 3 
c x 4 
c x 5 
c x 6 
c x 7 
LSM 
39. 85714286 52.21428571 
29 . 25000000 
29. 00000000 
93 . 25000000 
63. 00000000 
8. 50000000 
89 � .50000000 
9 . 75000000 
34. 00000000 
19. 00000000 
1 . 50000000 
44. 00000000 
0. 50000000 




1 8)., 00000000 
82 . 00000000 
16 . 50000000 
1 2 . 50000000 
6 . 00000000 
SE 
1 3 . 54423968 
1 3 . 54423968 
25. 33895223 
I 
. 35. 83468990 
95 
Table 17.- Le st-square s mean s and starilard errors £or Aphodius haemorrhoidalis ( L. )  for 1 971 . 
Source 
Treatment test ( t) 
control ( c ) 
Date 9 J uzy ( 1 )  
1 6  July { 2 )  
23 Juzy ( 3) 
30 July (4) 
5 August ( 5) 
14 August ( 6) 
21 August ( 7) 
Interaction t x 1 
t x 2 
t x 3 
t x 4 
t x 5 
t x 6 
t x 7 
c x 1 
c x 2 
c x 3 
c x 4 
c x 5 
c x 6 
c x 7 
I.SM 
40. 1 lf285714 
6 . 14285714 
96 75000000 
4. 50000000 
J0 • .50000000 
6 .. 00000000 
t . 00000000 
iJ . 50000000 
9., 75000000 
184 • .50000000 
J • .50000000 
55. 50000000 
J. 50000000 





5 • .50000000 
8 • .50000000 
0 . 00000000 
3. 00000000 





1 3. 48014413 
I 
19. 06380265 
Table 18.---- Least-squsre s �e ans and standard errors for 
Dlisoellaneous C oleopt ra for 1971 . 
Source 
Treatment test ( t) 
control ( c )  
Date 9 July ( 1 ) 
16  JuJ.y (2 )  
23 July ( J) 
JO July ( 4) 
5 August ( 5) 14 August (6)  
21  Augus t ( 7) 
Interaction t x 1 
t x 2 
t x J 
t x 4  
t x 5 
t x 6 
t x 7 
c x 1 
c x 2 
c x 3 
c x 4 
c x 5 
c x 6 
c x 7 
LSM ----
1 5$ 21 428571 
1 .  428.571 43 
1 1 . 00000000 
6 . 25000000 
1 9 . 25000000 
2 . 25000000 
7. 75000000 
1 1 a. 50000000 
0 . 25000000 





23 .. 00000000 
0. 50000000 
9 • .50000000 
0 . 00000000 
0 . 00000000 
0. 50000000 
-0. 00000000 
-0 . 00000000 
0 . 000000 00 
SE 
3 . 42968732 
3 . 42968732 
I 




Table 1 9 .- Overall means and standard deviations of dung 
insects for 1 972 :  Prespray , test vs . c o ntrol. 
Species or Group 
Platystethus amaric anus 
C ercyon guisquilius 
Miscellaneous Diptera 
Muscidae 
C ercyon pygma.eus 
Sphaeridium lunatum 
Miscellaneous Coleoptera 





Unidentified C oleopte. a 
Philonthus spp .  
Aleochara taeniata 
Falagria di ssect.a 





9.Ypoda sagula ta 
A leochara bipustulata 
M 
4. 26042 
J . 12500 
2 . 78125 
2 . 22917 
2 . 12500 
2 . 1 041 7 
2 . 07292 
L 92708 
1 . 64583 
o .  76042 
0 48958 
o . 4687.5 
0 . 21875 
0 . 25000 
0 . 16667 
0 . 1 )625 
0. 14583 
0 . 1 041 7 
0 . 05208 
0 . 05208 
0 . 04167 
0 . 04167 
0 8 02083 
SD 
9. 1 941 0 
5. 65360 




1 L 51 497 
4. 8)244 
3 . 87700 
1 . 41231 
1 . 21391 






o . 46970 
0 . 26635 
0.22336 
0 . 20088 
0. 20088 
0,  143.58 
98 
Table 20.--- Analyses of varianoe for Sta.ph;ylinidae for 1972 : Prespray, test vs . c ontrol. 
Species Source di' SS MS F 
A leochara bimaculata Treatment 1 0. 26041 7 0 . 26041 7 5 . 851 * 
Date 5 0 . 1 77083 0 . 03541 7 o . 796 
Age 1 0. 26041 7 0 . 26041 7 5. 851 * 
Treatment x Date 5 0 . 1 77083 0 . 03541 7 0 . 796 
Treatment x Age 1 0. 26041 7 0 $ 26041 7 5 . 851 
Date x lt. ge 5 0 . 177083 0 . 03541 7 0. 796 
!!_. taenia ta Treatment 1 Oe 375000 0 . 375000 1 . 41 7  
Date 5 2 .  ��.58333 O e 491667 0 . 1 57 
Age 1 0 . 041667 0 . 041667 0 . 1 57 
Treatment x Date 5 3 0 750000 0 . 750000 2 . 834* 
Treatment x A ge 1 0 . 000000 0 . 000000 o . ooo 
Date x A ge 5 0 . 333333 O f! 066667 0 ., 252 
!::_ . bipustulata Treatment 1 0 .. 000000 0<! 000000 o . ooo 
Date 5 0 . 083333 0 . 016667 0 . 81 1 
A ge 1 0 . 000000 0 . 000000 o . ooo 
Treatment x Date 5 0. 125000 0 . 025000 1 . 216 
Treatment x A ge 1 0 . 041667 0. 041667 2 . 026 
Date x A ge 5 0 . 125000 0 . 025000 1 . 216 
Phi lonthus_ spp . Treatment 1 0 . 041667 0. 041667 0 . 089 
Date 5 4. 000000 o. sooooo 1 . 699 
A ge 1 .5. 041667 5. 01+1667 1 0 . 709** 
Treatment x Date 5 2 . 208333 0. 441 66 7 0 . 938 
'£reatment x A ge 1 0 . 000000 0. 000000 o . ooo 
Date x Age 5 4. 458333 0. 891667 1 .  89l� 
\.() 
'° 
Table 20.---- (C ontinued ) .  
Species S ourc e df SS 
Platystethus runericanus T1"eatment 1 1 0 . 01 041 7 
Date 5 770. 552083 
A ge 1 23 . 01 041 7 
Treatment x Date 5 1292 . 802083 
Traa tn1ent x A ge 1 1 . 26041 7 
Date x A ge 5 1 32 . 552083 
Falagrin d i s s ecta Treatment 1 o . 843750 
Date 5 4. 71 8750 
A ge 1 1 ..  76041 7 
Treatment x Date 5 5. 71 8750 
Trea tmont x A ge 1 1 . 26041 7 
Dute x A ge 5 5 . 052083 
Oxypoda sagulata. Treatn1ent 1 0 . 000000 
Date 5 0 . 208333 
A ge 1 0 ., 041 667 
Treatment x Date 5 0 . 125000 
Ti·eabnent x A ge 1 0 . 041667 
Date x A ge 5 0. 333333 
* p < 0 . 05 
"K * p <:: o . 01 
MS 
1 0 . 01 041 7 
1 54. 1 1 041 7 
23 . 01 041 7 
258. 56041 7 
1 . 26041 7 
26 . 51 041 7 
o . 843750 
0 . 943?50 
1 . 760417  
1 . 143750 
1 . 26041 7 
1 . 01 0l+1 7 
0 . 000000 
0 . 041 667 
0. 041667 
0 . 025000 
0 . 04166 7  
0 . 066667 
F 
0 . 1 33 
2 . 046 
0. 305 
J . 432** 
o .  01 7 
0 . 352 
2 . 788 
J . 1 1 9* 
5. 81 7 
3 . ?79** 4. 165* 
3 . 339* * 
o. ooo 
1 . 041 
1 .  041 
0 . 624 
1 . 041 
1 . 665 
....... 
0 0 
Table 21 .---- Analyses 0£ variance £or Hydrophilidae for 1 972 :  Prespray. test vs . control. 
Species Sou�ce df 
Sphaeridill!11 lunatum Treatment 1 
Date 5 
A ge 1 
Treatment x Date 5 
TrE;atment x A ge 1 
Date x A ge 5 
.§ .  bi2ustulatUl'l1 Treabu-mt .. .l 
Date 5 
A ge 1 
T1•eatmont x Date 5 
Treatment x A ge .. l 
Date x Age 5 
C ercyon quisquilius Treatment 1 
Date 5 
A ge 1 
Treatment x Date 5 
Treatment x A ge 1 
Date x Age 5 
Q..  pygmaeus Treatment 1 
Date 5 
Age 1 
Treatment x Data 5 
Treatment x A ge 1 
Date x Age 5 
* P <  0 . 05 
* *  P .< 0. 01 
SS 
4. 166667 
2 1 0 . 833333 
126 . 041667 
2 1 7 . 958333 
1 . 500000 
27. 833333 
3 . 01041 7 
8. 927083 
o .  5101�1 7 
6 . 927083 
O .  010L�1 7 
1 0 . 927083 
51 . 041667 
430 " 000000 
416 . 666667 
162. 708333 
1 00. 041667 
228 . 83:3333 
100. 041667 
433. 000000 
121 . 500000 
239. 458333 
35. 041667 
1 34. 750000 
MS 
4. 166667 
42 . 1 6666 7  
126 . 041667 
43 . 591667 
1 . 500000 
.s. 566667 
J ., 01 041 7 
1 �-78_5Lt17 
0 ,, .51 041 7 
1 . 38541 7 
0 ,,  01 0l�1 7  
2 . 1 8541 7 
51 . 041667 
86 0 000000 
416 . 666667 
32 . 54166 7 
1 00. 041667 
45 . 766667 
1 00 . 041667 
86. 600000 
121 . 500000 
47. 891 667 
35. 041667 
26 . 950000 
F 
0 . 331 
J . Jl45** 
9. 999* * 
3 $ 458** 
0 . 1 19 
O .  L�22 
2 . 1. 1 3  
i " 253 
0 . 358 
0 . 973 
0 . 007 
1 . 534 
2 . 386 
Li.. 020** 
1 9. 477** 
1 . 521  
4. 677* 
2 . 139 
4. 222* 
J . 654* * 
5. 127* 
2 . 021 
1 . 479 




Table 22 .- Analyses of variance for Scua.baeidae for 1 972 :  Prespray , te st vs . c ontrol. 
Species Source df SS MS F 
Aphodius haemorrhoidali s Treatment 1 1 7. 51 041 7  1 7. 51 041 7 0 . 882 
Date 5 1 92 . 552083 3.5 • .51 041 7 1 . 939 
A ge 1 1 JJ . 01 041 7 1 :n . 01 041 7 6 . 697* 
Treatment x Date 5 1 1 6 . 802083 23 . 36041 7 1 . 1 76 
Treatment x Aga 1 0 . 26041 7 0 . 26041 7 0 . 013 
Date x A ge 5 229. 052083 45 . 81 041 7 2 1t 307 
A·  fimetarius Treatment 1 0 ., 26041 7 0 . 26041 7 3 . 7.52 
Date 5 o . 427083 0 . 08541 7 1 . 231 
Age 1 0 . 093750 0 . 093750 1 . 351 
Trea t.Jner1t x Date 5 o . 427083 0 . 08.5471 1 . 231 
Trea.trnent x A ge 1 0 . 093750 0 . 093750 1 .  351 
Date x Age 5 0 . 093750 0 . 018751 0 . 270 
Onthophagus heoate Treatment 1 0 . 000000 0 . 000000 o . ooo 
Date 5 o . 458333 0 . 091667 2 . 289 
A ge 1 0 . 041667 0 . 041667 1 . 041 
Treatment x Date 5 0 . 125000 0 . 025000 0 . 624 
Trea truent x A gt.3 1 0. 041667 0 . 04166 7 1 . 041 
Date x Age 5 0 . 083333 0 . 016667 o. 416  
* p < 0 . 05 
� 
0 l\) 
Table 2J .---- Analysi s of variance for Histeridae for 1 972 :  Prespray , test vs . e ontrol . 
Species S ourc e df SS MS F 
Ri ster abbreviatus Treatment 1 0. 375000 0 . 375000 2 . 1 06 
Date 5 1 . 583333 0. 316667 1 . 779 
A ge 1 0. 666667 0 . 666667 3 . 745 
Treatment x Date 5 2 . 250000 o . 450000 2 . 528 
Treatment x Age 1 0 . 666667 0. 666667 3 . 745 
Date x A ge 5 1 . 708333 0 . 341667 1 . 91 9  
Table 24. � A nalysis  of varianc e  for Ptiliidee for 1972 : Pre spray , test vs . c ontrol. 
Species Source df SS MS F 
Srrd.cur-us filicornis * Treatment 1 0� 04166'? 0 .. 041667 0 . 091 
Date 5 2 . 833333 0,. 566667 1 . 239 
Age 1 0. 666667 0 . 666667 1 .  4.58 
Treatment x Data 5 0. 833333 0. 166667 0. 364 
Treatment x A ge 1 0 . 166667 0 . 166667 0. 364 
Date x A ge 5 4. 708333 0., 841667 1 .  8L}1 




Table 25.- Analyses of variance for larval insects for 1972 :  Prespray , test vs .  control. 
G1•oup Sou.roe df SS MS F 
Muscidae Treatment 1 1 8. 375000 18. 375000 0 . 391 
Date 5 831 . 833333 1 66 . 366667 3 . 538** 
A ge 1 1 92 . 666667 1 92 . 66666? 4. 097* 
Treatment x Date 5 1 39. 750000 27. 950000 0. 594 
Treatment x A ge 1 0. 666667 0 . 666667 0 . 0 1 4  
Date x Age 5 792 . 958333 158. 591667 3 . 373* 
Sarcopha.gidae Treatment 1 9. 375000 9 . 37.5000 0 . 933 
Date 5 233 . 458333 46 . 691667 4. 61-t8** 
A ge 1 1 00 . 041667 1 00 . 041667 9. 959"' * 
Treatmont x Date 5 1 85 . 125000 :37. 025000 J . 6&S** 
Treatment x A ge 1 1 5 . 041667 1 5 . 041667 1 . 497 
Date x Age 5 1 1 1 . 4.58333 22 . 291667 . 2 . 21 9  
Unidentified Diptera Treatment 1 0. 01 041 7 0 . 01 041 7 0 . 005 
Date 5 9 . 677083 1 . 93541 7 0 . 954 
Age 1 0. 01041 7 0 . 01041 7 0 . 005 
Treatment x Date 5 17. 677083 3 . 53541 7 1 . 743 
Treatment x A ge 1 0 . 26041 7 0 . 26041 7 0 . 128 
Date x A ge 5 5 . 617083 1 . 13541 7 0. 560 
Miscellaneous Diptera T1'\leatment 1 52 0 .51041 7 52 . 51 041 7  0 . 527 
Date 5 1572 . 71 8570 314. 543750 3 . 156* 
A ge 1 256 . 76041 7 2.56. 76041 7 2 . 576 
Treatment x Date 5 102. 802083 20. _56041 7 0. 206 
Trea:b.nent x Age 1 82. 51041 7 82 . 51041 7 0 . 828  




Table 2.5.- (Continued) . 
-
-
Group Source df SS 
Hydrophilidae Treatment 1 0 . 093750 
Date 5 71 . 468750 
Age 1 12. 760417 
Treatment x Date 5 J . 21 8750 
Trea.tment x Age 1 0. 51041 7 
Date x .Age 5 45. 802083 
Unidentified C oleoptera Treatment 1 J . 01041 7 
Date 5 18e 21 8750 
A ge 1 J .  '76041 7 
Treatment x Date 5 1 5. 052083 
T:t"eatmant x A ge 1 3 . 760h1 7 
Date x Age 5 18. 802083 
Mi scellaneous C oleoptera Treatment 1 333 . 76041 7 
Date 5 1340 . 42708) 
Age 1 178. 76041 7 
Treatment x Date 5 1375. 927083 
Tren tment x A ge 1 168. 010417 
Date x Age 5 1 094. 427083 
* P < O s 05 
* *  p <: 0 . 01 
MS 
0. 093750 14. 293750 
12. 76041 7  
o. 643750 
0 . 51041 7 
9. 16041 7 
J . 01041 7 
J .. 643750 
3 . 76041 7 
3 .  01 041 7 
J .  7601+1 7 
3 " 76041 7 
333 .  76041 7 
268. 08541 7 
178. 76041 7 
275. 18541 7 
168. 01041 7 
218. 88541 7 
F 
0 . 032 
4. 826* 
4. J08* 
0 " 21 7  
0. 172 
3 . 093* 
2 . 370 
2 - 869* 
2 . 961 
2 � 370* 
2 .  961 
2 .  961 ¥ 
Je  1 71 
2 .. 547 
1 . 698 
2 . 614* 
1 . 596 




Tabla 26 .- Laast- squares r:ieans arrl standard errors :fo.r A leochara bimaculata (Gravanhors t) :for 1 97� :  Prespray, test 
vs . c ontrol. 
S ource 
Treatment test ( t) 
control ( c )  
Date 1 5 July ( 1 ) 
22 July (2)  
29 July ( 3) 
1 0  August ( 4) 
19 August ( 5) 
26 August (6) 
Age 5 hours old (A)  
5 - 24 hours old 
Interactions t x 1 
t x 2  
t x 3 
t x 4 
t x 5 
t x 6 
c x 1 
c x 2 
c x 3 
c :x: 4 
c x 5 
c x 6 
t x .A 
t x B 
c x A 
c x B 
1 x A 
1 x B 
2 x j\ 
2 x B 
3 x 1\ 
3 x B 
4 x A  
4 x B  
5 x A 
5 x B 
6 x A 
6 x B 
ISM 
0. 10416667 
0 . 00000000 
0 . 06250000 
0 .. 06250000 
-0 . 00000000 
0 . 12500000 
0. 06250000 
0 . 00000000 
0 . 00000000 
( B) 0 . 1 0416667 
0 . 12500000 
0 . 1 2 500000 
-0 . 00000000 
0. 25000000 
0. 12 500000 
-0. 00000000 
0 . 00000000 
0. 00000000 
0. 00000000 
0 .. 00000000 
0. 00000000 
0. 00000000 
-0 . 00000000 
0 . 20833333 
0 . 00000000 
0 .. 00000000 
0. 00000000 
0 . 12500000 
0 . 00000000 
0. 1 2500000 
0 . 00000000 
-0. 00000000 
-0. 00000000 
0 .. 25000000 
0 . 00000000 
0 . 12500000 
-0 . 00000000 
-0 . 00000 000 
SE 
0 . 03045063 
0 . 03045063 






Tabla 27 .- Laast-sq uares neans and stand ard errors for 
A leoc hara taeniata Erichson for 1 972 :  Pre spray , test vs . c ontrol. 
S ource 
Treatment tast ( t) 
control ( c )  
Date 1 5 July ( 1 ) 
22 July ( 2 )  
2 9  July ( 3) 
1 0  August ( 4) 
1 9  August ( 5) 
26 August ( 6 )  
Age 5 hours old (A ) 
5 - 24 hours old ( B) 
Interac tions t x 1 
t x 2 
t x 3 
t x 4 
t x 5 
t x 6 
c x 1 
c x 2 
c x J 
c x 4 
c x 5 
c x 6 
t x ll  
t x B  
c x A 
c x B 
1 x A 
1 x B 
2 x A 
2 x B 
3 x A 
3 x B 
4 x .A 
4 x B 
5 x A 
5 x B 
6 x � 
6 :< B 
ISM 
0. 2291666 7 
0 . 1 0416667 
0. 12500000 
0 . 50000000 
0. 00000000 
0. 06250000 
0 . 1 8750000 
0 . 12500000 
0 . 14583333 
0 . 1 8750000 
0 . 1 2500000 
1 . 00000000 
0 . 00000000 
-0 .. 00000000 
0. 12500000 
0. 1 2500000 





0 . 1 2500000 
o . 208J333'.3 
0. 25000000 
0 . 08333333 
0 . 12500000 
0 . 12500000 
0 .. 12500000 
O. J?.500000 
0. 62500000 
0 . 00000000 
0. 00000000 
-0. 00000000 
0. 1 2500000 
0 . 25000000 
0 � 12500000 
0 . 12500000 
0 3 1 2500000 
SE 
0 . 07424767 
0 . 0742476 7 
I 
0 . 12860074 
I 
0 . 07424767 
0 . 07424767 
0 . 1 81 86891 
0 . 1 0500206 
0 . 1 81 86891 
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Tab l e  28.- Least-squares means and standard errors for Phi lonthu s  spp . r or 1 972 : Prespr y ,  test vs. c ontrol. 
Source 
Treatment test ( t) 
�ontrol ( c) 
Date 15 July ( 1 ) 
22 July ( 2 )  
29 Juzy ( 3 ) 
10 August ( 4) 
19  .August ( 5) 
26 August ( 6 )  
Age 5 hours old (A ) 
5 - 24 hours old ( B) 
Interaetions t x 1 
t x 2 
t x 3 
t x 4 
t x 5 
t x 6 
c x 1 
c x 2 
c x 3 
c x 4 
c x 5 
c x 6 
t x A  
t x B 
c x A 
c x B 
1 x t. 
1 x B 
2 x A 
2 x B 
J x A 
3 x B 
4 x A 
4 x B 
5 x .A 
5 x B 
6 x \ 
6 x B 
ISM 
0. 27083333 0.,22916667 
0 0 12500000 
0 . 18750000 
0. 1 8750000 
0 . 68750000 
0 . 06250000 
0 . 25000000 
0 . 02083333 
o . 47916667 
0 . 12500000 
0 . 12500000 
0 . 37500000 
0 . 50000000 
-0. 00000000 
0 . 50000000 
0 . 12500000 
0 . 2 5000000 






0 . 00000000 
o . 45833333 
0 . 00000000 
0. 25000000 
0 . 00000000 
0 . 37500000 
0 . 12500000 
0. 25000000 
0. 00000000 
1 . 37500000 
0 . 00000000 
0 ,, 12500000 
-0 .. 00000000 
0 . 50000000 
SE 
0. 09903484 
0 . 09903484 
I 




0 . 24258484 
0 . 1 4-00 .5642 
I 
0 . 24258484 
1 08 
Table 29.� Leas t-3quara s maans and standard errors for Platystethus aJlleric 3.nns Erichson for 1 972 : Prespray ,  test v s . c ontro l .  
Source 
Treatment test ( t) 
c o ntrol ( <� ) 
Date 1 5 July ( 1 )  
22 JuJ.y (2 ) 
29 J uly ( 3 ) 
1 0  August ( 4) 
1 9  August ( 5) 
26 August (6 )  
A ge 5 hours old (A ) 
5 - 24 hours old 
I nteractions t x 1 
t x 2 
t x 3 
t x 4 
t x 5 
t x 6 
c x 1 
c x 2 
c x J 
c x 4 
c x 5 
c x 6 
t x A 
t x B 
e x  A 
c x B 
1 x A 
1 x B 
2 x A 
2 x B 
3 x A 
3 x B 
4 x A  
4 x B 
5 x .A 
5 x B 
6 x A 
6 x B 
LSM 




1 . 56250000 
4 .. 2500000 0 
7 . 50000000 
-0 .. 00000000 
3 . 77083333 4. 75000000 
0. 62500000 
3 . 50000000 
1 .. 50000000 
5 . 12500000 
12. 87.500000 
-0 . 00000000 
14. 8750 0000 
5. 50000000 









7 . 00000000 
J . 7.5000000 
5 . 25000000 
1 . 1 2500000 
2 . 00000000 
1 Q 37500000 
7 . 12500000 
7� 87.500000 
7 . 12500000 
-0 . 000 00000 
-0 . 0 0000000 
SE 
1 . 25273533 
1 . 25273533 
I 
2 . 16980124 
I 
1 . 25273533 
1 . 2.5273533 
3. 06856234 
I 
1 . 77163529 
3. 06856234 
1 09 
Table JO.- Least-square s mean s  and star..dard errors for -
Falagria. dissecta Eric hson for 1 972 :  Prespray , test vs . c ontrol. 
S ourc e 
Treatment tes t  ( t) 
control ( c )  
Date 15  July ( 1 ) 
22 July ( 2 )  
2 9  J uly  ( J) 
1 0  August ( 4) 
19 August ( 5) 
26 August (6)  
A ge 5 hours old (A) 
5 - 24 hours old ( B) 
Interactions t x 1 
t x 2 
t x 3 
t x 4 
t x 5 
t x 6 
0 ::c 1 
c x 2 .  
c x 3 
0 x 4 
0 x 5 
0 x 6 
t x A 
t x B  
c x A 
o x  B 
1 x A 
1 x B 
2 x A 
2 x B 
J x A 
3 x B 
4 x A  
4 x B 
5 x A 
5 x B 
6 x A 
6 x B 
LSH 
0. 25000000 
0 . 06250000 
0 . 00000000 
0 . 00000000 
0. 62500000 
0 . 18750000 
0 . 12500000 
-0 . 00000000 
0 . 02083333 
0 . 29166667 
0 . 00000000 
0 . 00000000 
1 . 25000000 
0 . 25000000 
- 0 ., 00000000 
-0. 00000000 
-0. 00000000 
-0 . 00000000 
-0 . 00000000 
0. 12500000 
0 . 25000000 
09 00000000 
0 * 00000000 
0. 50000000 
0 . 04166667 
0 ., 08333333 
0 . 00000000 
0. 00000000 
0 . 00000000 
0. 00000000 
-0. 00000000 
1 . 25000000 
-0. 00000000 
0 , 3 7500000 
0 . 12500000 
0 . 12500000 
-0 ,. 00000000 
-0 � 0000000 0  
SE 
0. 079401 99 
0 . 07940199 
I 
0 . 13752828 
I 
0. 07940199 
o . 0794o199 
0 . 1 9449436 
0 . 1 9449436 
1 10 
Table 31 .� Lea�t- squares maans and standard errors for Sphae�idium lunatu..� F .  for 1 972 : Prespray, test vs . control. 
S ource 
Treatment test ( t) 
control (c)  
Date 1 5  July ( 1 )  
22 July (2)  
29 JuJ.y ( J) 
10 J\ugust ( 4) 
19 August ( 5) 
26 August (6 )  
Age 5 hours old ( ) 
5 - 24 hours old ( B) 
Interacti ons t x 1 
t x 2 
t x 3 
t x 4  
t x .5 
t x 6 
c x 1 
c x 2 
c x 3 
c x 4 
0 x 5 
c :x 6 
t :x: A 
t x B  
e x  A 
c x B 
1 x A 
1 x B 
2 x A 
2 x B 
J x A 
J x B 
4 x A  
4 x B 
5 x A 
5 x B 
6 x A 
6 x B 
LSH 
1 . 89.58J3JJ 
2 . 31250000 
1 .43750000 
2 . 00000000 
2 . 12500000 
5. 06250000 
1 . 87500000 
0 . 12500000 
0 . 95833333 
J. 25000000 
1 . 87.500000 
3 . 12500000 . 
0 . 75000000 
2 . 12500000 
3. 25000000 
0. 25000000 
1 0 00000000 
0. 87500000 





2 . 91666667 
1 . 041666 7 
J • .58333333 
0. 37500000 
2 . 50000000 
1 . 00000000 
3. 00000000 
0 . )7500000 
J. 8'7500000 
3 . 37500000 
6 . 75000000 
0. 62500000 
3 . 12500000 
-0. 00000000 





0 . 88760631 
I 
o . 5i245974 
0. 51245974 
1 . 25526489 
o .  72472752 
1 . 25526489 
1 1 1  
Table 32 .- Le.':tst-squares me ans and standard errors for C erc:von a ui sg11illus L. or 1 972 :  P ... espray, test vs 9 c ontrol. 
S ourc 
Treatment test ( ..,) 
c ontrol ( c )  
Data 1 5  Ju1y ( 1 ) 
22 July ( 2) 
29 July (J)  
10 August { 1.,) 
19 August ( 5) 
26 August (6)  
Age 5 hours old (A) 
5 - 24 hour old ( B) 
Intersctions t x 1 
t x 2 
t x 3 
t x 4 
t _,( 5 
t x 6 
c x 1 
0 x 2 
c x 3 
0 x 4 
c x 5 
c x 6 
t x A  
t x B 
c x A 
c x B 
1 x A 
1 x B 
2 x A  
2 x B  
J x A  
3 x B 
4 x A  
4 x B 
5 :x A 
5 x B 
6 x A 
6 x B 
LSM 
3 . 85416667 
2. 39583333 
1 . 25000000 
3 . 4J7.50000 
? . 31250000 
3 . 93750000 
'? . �? 500000 
0 . 68750000 





3 . 50000000 
9. 87500000 
1 . 37.500000 
2 . 50000000 
2 .. 37..500000 
0 . 75000000 
4. 37500000 
4. 37500000 
0 . 00000000 
0 . 75000000 
6 . 95833333 
1 . 33333333 
J . 4.5333333 
0 . 50000000 
2 . 00000000 
0. 62500000 
6 . 25000000 
0 . 62500000 
4. 00000000 
2 � )7500000 
5 . 50000000 
2 . 00000000 
1 2 � 25000000 
0 1 2500000 
1 . 25000000 
SE 
0 . 66758763 
0 . 66758763 
I 
1 . 1 5629570 
I 
o . 667.5876:3 
o . 66 75876:3 
1 . 6J.524906 
I o .  9441 1 149 
I 
1 . 63524906 
112  
Table 33 .- Least-squares means and standard errors for . C ercyo n pygrna.aus Illiger for 1 972 :  Pre spra.y,  test vs . c ontrol. 
S ou.ro e  
T:reatmant test ( t) 
control ( c )  
Date 15  July ( 1 )  
22 J uly  ( 2) 
29 July ( 3 ) 
10 August (4) 
1 9  August ( 5) 
26 August ( 6 )  
Age 5 hours old (A) 
.5 - 24 hours old (B) 
Interactions t x 1 
t x 2  
t x 3 
t x 4  
t x 5 
t x 6 
c x 1 
c x 2 
c x J 
c x 4 
c x .5 
c x 6 
t x A 
t x B 
c x A 
c x B 
1 x A 
1 x B 
2 x .A 
2 x B 
J x A 
3 x B 
4 x A 
4 x B 
5 x A 
.5 x B 
6 x A 
6 x B 
LSH 
1 . 10416667 
J . 14583333 
0 . 81250000 
1 . 68750000 
1 . 0 0000000 
2 . _56250000 
6 . )6250000 
0 . 12500000 
1 . 00000000 
3 . 25000000 
0 . 25000000 
0 . 87500000 
1 0 25000000 
1 . 87.500000 
2 . 12500000 
0 . 25000000 
1 . 37500000 
2 . 50000000 
0 . 75000000 
3 . 25000000 
1 1 . 00000000 
-0 . 00000000 
0 • .58333333 1 062500000 
1 . 41666667 
Li-. 87.500000 
0. 62500000 
1 . 00000000 
o . 87.50oooo 
2 . 50000000 
0. 25000000 
1 . 7.5000000 
1 . 12500000 
4. 00000000 
3 . 00000000 
1 0 11 1 2500000 
0 . 1 2500000 
0 . 1 2500000 
SE 
0 . 70263656 
0 . 70263656 
I 
1 . 21 700223 
I 
0 . 70263656 
0 . 70263656 
1 .  721 1 0106 
I 0 . 99367816 
1 .  721 1 0106 
1 1 3 
Table 34.- Least-squares me ans and standard errors for . Anhodius fim-�ta.rlus ( L. ) for 1 972 :  P:respray, test vs . control . 
S ource 
Treatment test ( t) 
c ontrol ( c )  
Date 15 Ju1y ( 1 )  
22 July ( 2 )  
29 July ( J) 10 August ( 4) 
19 August ( 5) 
26 August (6)  
A ge 5 hours old (A ) 
5 - 24 hours old (B) 
Interactions t x 1 
t x 2  
t x 3 
t x 4 
t x 5 
t x 6 
c - v 1 ./>. -
c x 2 
c ;c 3 
c x 4 
c x 5 
/' c x 0 
t x A 
t x B  
c x A 
c x B 
1 x A 
1 x B 
2 x A 
2 x B 
3 x A 
3 x B 
4 x A 
4 x B 
5 x A 
5 x B 
6 x A 
6 x B 
lSM 
0 . 00000000 
0 . 10416667 
0 . 1 8750000 
0 . 00000000 
0 . 06250000 
0 . 06250000 
-0 . 00000000 
0 . 00000000 
0 . 02083333 
0. 08333333 
0 . 00000000 
0 . 00000000 
0 . 00000000 
0 . 00000000 
0 . 00000000 
0 . 00000000 
0 . 37500000 
00 00000000 
0. 12500000 
0 . 12500000 
-0. 00000000 
0. 00000000 
0 . 00000000 
0 . 00000000 
0. 04166667 
0. 16666667 
0 . 12500000 
0 . 25000000 
0 . 00000000 
0 . 00000000 
0. 00000000 
0 . 1 2500000 
-0 . 00000000 
0. 12500000 
-0 . 00000000 
-0 . 00000000 
0 . 00000000 
0 � 00000000 
SE 
0 . 03802.)94 
0 . 03802394 
I 
0 . 06585939 
I 
0 . 03802394 
0 . 03802394 
0 . 09313924 
I 
o . 0.5377.397 
0. 0931 3924 
1 1 4 
Table J.5.- Least-squares means arrl s tand.a.rd errors for 
Nuscidae for 1 972 :  ?respray,  test vs . c ontrol. 
S ourc e 
Treat+nent test ( t) 
control ( c )  
Date 1 5  July ( 1) 
22 July ( 2) 
29 July ( 3) 10  August (4) 
19 August ( 5) 
26 August (6) 
Age 5 hours old (A) 
5 - 24 hours old (B) 
Interactions t x 1 
t x 2 
t x 3 
t x 4  
t x .5 
t x 6  
c x 1 
c x 2 
c x 3 
c x 4 
c x .5 
c JC 6 
t x A  
t x B .  
e x  A 
c x B 
1 x A 
1 x B 
2 x .A 
2 x B 
J x A 
3 x B 
4 x A  
4 x B  
5 x A 
5 x B 
6 x A 
6 x B 
I.BM 
2 . 66666667 
1 .  7916666"7 
-0 . 00000000 
0 . 12500000 
0 . 25000000 
3 25000000 
8.31200000 
1 . 43750000 
0 . 81250000 
3.64583333 
-0. 00000000 
-0 . 00000000 
0 . 25000000 
2 . 62500000 
1 1 . 37500000 





5. 250 00000 
1 . 12500000 
1 . 16666667 
4. 16666667 
o . 45833333 
3 . 12500000 
-0 . 00000000  
-0 . 00000000 
0 . 00000000 
0. 25000000 
-0 . 00000000 
0 . 50000000 
2. 62500000 
3 . 87.500000 
0 ., 50000000 
1 6 . 1 2500000 
1 . 75000000 
1 � 12.500000 
SE 
0 . 98976203 
0. 98976203 
I 




2 . 42441 194 
1 . 39973489 I 
2 . 42441 1 94 
1 1 5  
Table 36 .- Least-squares means and standard e:rrors for 
Sa:rc ophagidae for 1 972 :  Prespray , te st vs.  c ontrol . 
Source 
Treatment test ( t) 
control (c)  
Date 15 JuJy ( 1 )  
22 July ( 2) 
29 July ( 3 ) 
1 0  August ( 4) 
1 9  August ( 5) 
26 August ( 6 ) 
Age 5 hours old (A ) 
5 - 24 hours old ( B) 
Interactions t :x: 1 
t x 2 
t x 3 
t x 4  
t x 5 
t x 6 
c x 1 
c x 2 
c x 3 
c x 4 
c x 5 
c x 6 
t x '� 
t x B  
c x A 
c x B 
1 x A 
1 x B 
2 x A 
2 x B 
3 x A 
3 x B 
4 x A  
4 x B 
5 x .A. 
5 x B 
6 x A 
6 x B 
LSH 
1 . 95833333 
1 . 33333333 
-0 . 00000000 
0 . 31250000 
2 . 1 8750000 
2 . 68750000 
4. 31250000 
0 . 3 7500000 
0 . 62500000 
2 . 66666667 
-0 . 00000000 
0 . 25000000 
l!·. 37.500000 
4. 25000000 
2 . 1250000 0 
0 . 75000000 
-0 . 00000000 
0 . 37500000 
-0. 00000000 
1 . 12500000 
6 . 50000000 
-0 . 00000000 
0. ,54166667 
J . 37500000 
0 . 70833333 
1 ., 95833333 
- 0 . 00000000 
-0 . 00000000 
-0 . 00000000 
0., 62500000 
-0 . 00000000 
4. 37500000 
0 . 37500000 
5 . 00000000 
2 . 62500000 
6 . 00000000 
0 . 75000000 
0 .. 00000000 
SE 
o . 45745932 
o . 45745932 
o.  79234278 
l 
o.45745932 o . 45745932 
1 . 120541 91 
o. 64694517 I . 
1 . 12054191 
1 16 
1 1 7  
Table J ?  .- Least-squares !Ilea.ns and star.dard. errors £or misc ellaneous Diptar· for 1 972 : Praspray, test vs . control . 
S ource ISM SE 
Treatment test ( t) 2 . 04166667 1 . 44089469 c ontrol ( c )  3 .  52083.333 1 . 44089469 
Date 1 5  July ( 1 ) 2 . 3 1250000 
22 July ( 2 )  1 . 50000000 I 2 9  Ju]y ( 3) 1 1 . 68750000 
10 A ugust ( 4) 0 . 56250000 2 . 49570281 
19  August (. 5) 0 . 31250000 I 26 August ( 6) 0 . 31250000 
Age 5 hours old (A)  1 . 14583333 1 . 44089469 5 - 24 hours old ( B) 4. 41666667 1 . 44089469 
Interactions t x 1 1 . 50000000 
t x 2 0 . 50000000 
t x 3 8 . 87500000 
t x 4 0 . 62500000 
t x 5 0 . 1 2500000 
t x 6 0 . 62500000 3. 52945677 
c x 1 3 . 12500000 
c x 2 2 . 50000000 
c x 3 1 4. 50000000 
c x 4 0 . 50000000 
c .x 5 0 . 50000000 
c x 6 -0 . 00000000 
t x A  1 . 33333333 
t x B 2 . 75000000 2 . 03773281 
c x A 0 . 95833333 
c x B 6 . 08333333 
1 x A 2 . 25000000 
1 x B 2 . 37500000 
2 x A 0 . 50000000 
2 x B 2. 50000000 
3 x A 3 . 50000000 
3 x B 1 9 . 87500000 J • .52945677 
L� x A 0 . 3 7500000 I 4 x B 0. 75000000 
_L 
5 x A 0 . 1 2500000 
5 x B 0 . 50000000 
6 x: A 0 . 12500000 
6 x B 0 . 50000000 
Table J8 .- Least-squares means and standard errors for 
Hydrophilidae for 1 972 :  Prespray , test vs . control . 
S ourc e 
Treatment test ( t) 
cohtrol ( c )  
Date 15  July ( 1 ) 
22 July ( 2 )  
29 July ( 3) 10 August ( 4) 
1 9  August ( _5) 
26 August ( 6) 
Age 5 hours old (A ) 
5 - 24 hours old ( B) 
Interact.ions t x 1 
t x 2 
t x J 
t x 4  
t x 5 
t x 6 
c x 1 
c x 2 
c x 3 
c x 4 
c x: 5 
c x 6 
t x A 
t x B  
e x  A 
c x B 
1 x A 
1 x B 
2 x A 
2 x B 
3 x A  
J x B 
4 x A 
4 x B 
5 x A 
5 x B 
6 ;{ \ 
6 x B 
LSN 
o . 43750000 
0 . 50000000 
0 . 00000000 
0 . 37500000 
2 . 37500000 
0 . 06250000 
-0 . 00000000 
0. 00000000 
0 . 1 0416667 
0 . 83333333 
0 . 00000000 
0 . 00000000 
2 . 6250 0000 
-0 . 00000000 
-0 . 00000000 
-0 . 00000000 
0 . 00000000 
0 . 75000000 
2 .. 12500000 
0 . 12500000 
-0 . 00000000 
-0 . 00000000 
0. 00000000 
0 . 87500000 
0 . 20833333 0. 791 66667 
0 � 00000000 
0 . 00000000 
0 . 00000000 
0 . 75000000 
0 .. 50000000 
4. 2.5000000 
0 . 12500000 
-0 . 00000000 
0 . 00000000 
-0 . 00000000 
- 0 . 00000000 
-0 . 00000000 
SE 
0 . 24839968 
0. 24839968 
I 
o . 43024087 
I 
0 . 24839968 
0 . 24839968 
0 . 60845248 
0. 35129020 
. 0 . 60845248 
1 1 8 
T able 39 .� Lsast-sq uare s �eans B.!�d standard errors for 
unidentifi ed C oleoptera f�r 1 972 :  Prespray , test v s .  c ontrol. 
S ourc e 
Treatment te st ( t) 
Date 
A ge 
c ontrol ( c )  
1 5  July ( 1 )  
22 July ( 2 ) 
29 July ( 3) 
10  August ( 4) 
19  Augus t ( .5) 
26 A Uo<TUSt ( 6)  
5 hours old (A ) 
5 - 24 hours old 
Interactions t x 1 
... ,. ? .. �'\.. � 
t ;� J 
t x 4 
t x 5 
t x 6 
c x 1 
c x 2 
c x J 
c x 4 
c x 5 
c x 6 
t x A 
t x B 
c x A 
c x B 
1 x A 
1 x B 
2 x A 
2 x B 
3 x A 
3 x B 
4 x A  
4 x B 
5 x A 
5 x B 
6 x A 
6 x B 
( B) 
I.SM 
0 . 04166667 
0 . 39583333 
0 . 00000000 
0 . 00000000 
1 . 1 8750000 
-0 . 00000000 
0. 12500000 
-0 .. 00000000 
0 . 02083333 
o . 41 666667 
0 . 00000000 
0 . 00000000 
0. 12500000 
0 . 00000000 
0 . 12500000 
-0 . 00000000 
0 . 00000000 
0 . 00000000 
2 . 25000000 
-0. 00000000 
0. 12500000 
-D . 00000000 
0. 041 66667 
0 ., 04166667 
0 . 00000000 
0 . 79166667 
0 . 00000000 
0 . 00000000 
0 . 00000000 




-0 . 00000000 
0 . 12500000 
0 . 12500000 
-0 . 00000000 
-0 " 00 000000 
SE 
0. 16267023 
0 . 16267023 
I 
0 . 281 75310 
0. 16267023 
0 . 16267023 
0 .  3981}590 5 
0 . 23005044 
0 . 39845905 
119  
Table 40 .- Lea.st-square s  mean s a.n:i star..dard errors for 
mi scellaneous C oleopter for 1 972 :  Prespray ,  test vs . c ontrol. 
Sourc e 
Treatment test ( t) 
c ont ol ( c )  
Dg,te 15 July ( 1 ) 
22 July ( 2 )  
29 J uly ( J ) 10 August ( 4) 
1 9  .4ugust ( 5) 
26 Augu t ( 6 )  
Age 5 hours old (A ) 
5 - 24 hours old ( B) 
Interactions t x 1 
t x 2 
t x 3 
t x 4 
t x 5 
t x 6 
c x 1 
c x 2 
c x 3 
c x 4 
c x 5 
0 x 6 
t x A 
t x B 
e x  A 
x B 
1 x A 
1 x a 
2 x A 
2 x B 
3 x A 
3 x B 
4 x A 
4 x B 
5 x A 
5 x B 
6 :c A 
6 x B 
ISM 
0 . 20833333 
3 . 93750000 
0 . 1 8750000 
0 . 56250000 
1 0 . 37500000 
0 . 00000000 
1 . 25000000 
0 . 062 50000 
0 . 708333 33 
J . 43750000 
0 . 00000000 
1 .. 00000000 
0 . 12500000 
0 . 00000000 
0 . 00000000 
0 . 1 2500000 
0 . 37.500000 
0 . 1 2500000 
20. 62500000 
0 . 00000000 
2 . 50000000 
-0 . 00000000 
0. 1666666 7 
0 . 25000000 
1 . 25000000 
6 . 62500000 
0. 12500000 
0 . 25000000 
0. 37500000 
0. 7.5000000 
1 . 50000000 
1 9 . 25000000 
0. 00000000 
0. 00000000 
2 . 12500000 
0 . 37500000 
0 .. 1 2500000 
-0 ... 00000000 
SE 
1 . 48086433 
1 . 48086433 
I 
2 . 56493226 
I 
1 . 48086433 1 . 48086433 
J. 627361 99 
2 . 0942)842 
3 . 62736199 
120 
T ble 41 .- Overall means and standard deviations of dung 
insscts for 1 972 :  Rabon effects . 
Species or Group N SD 
Mi scellaneous Dipte a 23 . 12500 74. 58670 
C ercyon pygma.eus 5.2291 7 1 0 . 87499 
C .  quisguilius 5. 00000 9. 72166 
Platystethus am9rioanus 4. 52083 6 . 44779 
Miscellaneou C oleoptera 2. 39583 8. 08660 
Aphod.ius haemorrhoidali s 2 . 2291 7 3• 94774 
Sarcophagidae 2 . 2291 7  6. 22363 
Falagris di s s ecta 2. 04167 5. 49645 
Muscidaa 1 . 83333 6 . 1 9654 
Sphael"'idiu..� lunatum 1 . 1 041 7 2. 02369 
Aleochara taeniata 1 . 1 041 7  J. 28918 
Hydrophilida.e 1 . 02083 2 ,. 74047 
Unidentified Diptara 0 . 81250 1 . 37850 
Sphaeridium bipustulatum 0. 7291 7 1 .t 91010 
Aphodius fimetarius 0. 6041 7 1 . 02604 
Smicurus filic orni s  0 . 54167 2 . 18270 
Unidentified C oleoptera o . 45833 i . 62374 
Rister abbreviatus o. 45833 1 . 59732 
Philonthus spp. 0 . 25000 0 ;, 9J399 
Onthophagus hecate 0 . 14.583 0 . 74347 
Aleochara bimacula.ta 0 . 08333 o . 45351 
Oxypoda sagulata 0 . 06250 0 . 31 999 
Aleochara bipustula� 0 . 02083 0. 14434 
1 2 1  
Table 42.- Analyses of varianc e for S ta.phylinidae for 1972 :  Rabon effects. 
Species Source di' SS MS 
A laochara biniaoulata. Treatment 1 0. 333333 0. 333333 
Date 2 o. 666666 0. 333333 
Age 1 0 . 083333 0 ., 083333 
Treatment x Date 2 0 .666667 0 . 333333 
Treatment x A ge 1 0 . 083333 0. 083333 
Date x Age 2 0 . 166667 0 . 083333 
A_. taeniata Treatment 1 15. 187500 15. 1 87500 
Date 2 16 . 791667 8 . 395833 
Age 1 1 5 . 1 87500 1.5. 187500 
T�eatment x Date 2 42 . 125000 . 21 . 062500 
T1 .. eatment x A ge 1 0 . 020833 0. 020833 
Date x A ge 2 4. 875000 2 . 437500 
�. bipustulata Trea.tn1ent 1 0. 020833 0. 020833 
Date 2 0 . 041667 0. 020833 
A ge 1 0 . 020833 0. 020833 
Treatment x Date 2 0 . 041667 0 . 020833 
Treatment x Age 1 0 . 020833 0 . 020833 
Date x .Age 2 0. 041667 0 . 020833 
Philonthus spp. Treatment 1 0. 750000 0. 750000 
Date 2 3. 375000 1 . 687500 
Age 1 1 . 333333 1 . 333333 
Treatment x Date 2 0. 375000 0. 187500 
T1•eatment x Age 1 0. 083333 0. 083333 
Date x Age 2 2. 791667 1 . 395833 
F' 
1 .652 
1 . 652 
o. 41 3  
1 . 652 
011 41 3  
o . 41 3  
1 . 393 
0 . 770 
1 . 393 
1 s 9J2 
0 . 002 
0. 224 
1 . 000 
1 . 000 
1 . 000 
1 . 000 
1 . 000 
1 . 000 
o . BB3 
1 . 986 
1 • .569 
0. 221 
0. 098 




Table 42.--- (Continued) . 
Species Source df SS 
Pla tystethus tuuerioanus Treatment 1 462 . 520833 
Data 2 4-0. _541667 
A ge 1 35. 020833 
T�eatment x Date 2 75 • .541667 
Treatment x A ge 1 1.5. 187.500 
Date x A ge 2 167. 791667 
Falagria di s sects. Treatment 1 1 5'-'"· 083333 
Date 2 125. 0La667 
A ge 1 120 . 333333 
Treatment x Date 2 78. 0L�1667 
Trea. tmant x A ge 1 85. 333333 
Date x A ge 2 1 18. 041667 
Oxypoda sagu].ata Treatment 1 0 . 187500 
Date 2 0 ., 375000 
Age 1 0. 187500 
Treatment x Date 2 0. 375000 
Trea. tmant x A ge 1 0 . 187500 
Date x A ge 2 0 . 375000 
* p < 0 . 05 
** p < 0 . 01 
l-!S 




1 5. 187500 
83. 895833 




85. 333333 59. 020833 
0 . 1 87500 
0. 187500 
0 . 187500 
0. 187500 
0 . 187500 
0 . 187500 
F 
1 5. 186** 
o . 666 
1 . 1 50 
1 . 240 
o . 499 
2 . 755 
7. 923*� 3 .. 2 1 5* 
6 . 1 87 '· 
2 . 006 
4. J88"' 
J a OJ5 
2 . 280 
2 . 280 
2 . 280 
2 . 280 
2. 280 




Table 4).- Analyses of variance for Hydrophilidae for 1 972 :  Rabon effects . 
Species Source df SS MS F 
Sphaeridium luna�urd Treatment 1 0 . 520833 0 . 520833 0 .. 1 1 7  
Date 2 1 0 . 291667 5. 145833 1 . 1 53 
A ge 1 1 . 687500 1 . 687500 0. 378 
T1·ea tment x Data 2 0 . 291667 0 . 1 45833 0 . 033 
Treatment x A ge 1 7 . 520833 7. 520833 1 . 686 
Date x A ge 2 2 . 625000 1 .  312500 0 ., 291+ 
s .  bipustul�tum Treatment 1 9. 1 87.500 9, 1 87500 2 ., 624 
Date 2 70 .541667 J . 7?0833 1 .  07'7 
A ge 1 2 . 520833 2. 520833 0 . 720 
Treatment x Date 2 5. 375000 2 . 687500 0 . 768 
'l'rea tment x A ge 1 1 3 . 020833 13 . 020833 J . 71 9 
Dattl x Age 2 0 . 791667 0. 395833 0 . 1 1 3  
C ercyon qui squilius Treatment 1 1 84. 083333 1 84. 083333 2 . 386 
Date 2 244. 62.5000 122 . 312500 1 . 585 
A ge 1 363. 000000 363 . 000000 4. 705* 
Treatment x Date 2 68). 04166 7 341 . 520833 4. 427* 
T1•ea tment x A ge 1 14. 083333 14. 083333 0. 1 83 
Date x A ge 2 21 . 375000 1 0. 687500 0 . 1 39 
c .  pygrnaeus Treatment 1 697 . 687500 697. 687500 1 1 . 649** 
Date 2 688. 666667 344. 333333 .5. 749* Age 1 652 . 687500 652 . 6 87500 10. 898** 
Treatment x Date 2 494. 000000 247. 000000 4. 124* 
Treatment x A ge 1 266 . 020833 266 . 020833 1.J.. 442* 
Date x Age 2 483 . 500000 241 . 750000 4. 030* 
* p < 0. 05 
� 
* *  N p < 0. 01 � 
Table 44.--- Analyses of variance for Sc arabaeidae for 1 972 :  Rabon effects . 
Species Soui•ce df SS MS Ii' 
Aphodius ha.emorrhoidalis Treatment 1 1 7  • .520833 1 7 . 520833 1 . 61 4 
D ate 2 169. 541667 84. 770833 7 .  80?* · 
A ge 1 31 . 687500 31 . 687500 2 ,. 91 8  
T�eatment x Date 2 0 .. 291667 0 . 1 4583J 0 , 01 3  
Treatment x Age 1 31 . 687500 )1 . 687500 2 . 918  
Date x Age 2 69 .. 125000 34. 562500 J .. 18J 
A. filnotnrius T1•ea. tment 1 7. 520833 7 s 5208J) 1 1  .. 081 *-* 
Date 2 3 . 041667 1 . 520833 2 . 241 
A ge 1 2 � 520833 2 . 520833 J . 71 4 
Treatment x Date 2 4. 541667 2 . 270833 3 . 346* 
Treatment x A ge 1 0 . 520833 0 . 520833 o .. 767 
D ate x A ge 2 5. 541667 2 . 770833 4. 082 *  
Onthophagus hecate Treatment 1 0 . 1 87500 0. 1 87500 0 . 323 
Date 2 1 . 291667 o . 645833 1 . 1 1 3 
A ge 1 0 . 520833 0. 520833 0 . 898 
Treatment x Date 2 0 . 875000 o . 437500 0 . 754 
Treatment x A ge 1 0. 520833 0. 520833 0 . 898 
Date x .A ge 2 0 . 541667 0 . 270833 o . 467 
* P <  0 . 05 




Table 45.- Analysis of variance for Histeridae for 19?2: Rabon effect s .  
Species Sourc e df SS MS 
Hi ster abbraviatus Treatrneht 1 0 . 333333 0. 333333 
Date 2 5 • .541667 2 . 770833 
A ge 1 0 . 333333 0 . 333333 
Treatrr1ant x Date 2 3 . 291667 1 . 64.5833 
Traatnwnt x Age 1 10 . 083333 10. 083333 
Date x A ge 2 3 . 291667 1 . 645831 
Table 46 .---- Analysi s of var-iance fo� Pti liidae for 1 972 :  Rabon effec ts . 
Speci e s  Source df SS HS 
Snrl.cUl"US !ilico�nis a Trea.t..rnent 1 0 . 333333 0. 333333 
Date 2 28. 166667 1 4., 083333 
Age 1 1 4. 083333 1 4. 083333 
Treatment x Date 2 0. 666667 0. 333333 
Treatment x A ge 1 0 . 333333 0. 333333 
Date x Age 2 28. 166667 14. 083333 
* p < 0. 05 
a Possible id entification. 
F 
0 . 1 31 
1 . 085 
0 . 1 31 
o . 641� 
3 .  9!i8 
0 . 644 
F 
0 . 083 
3 .  51 7* 
3 . 51 7  0. 083 
0. 083 




Table 47.---- Analyses of variance for larval insects for 1 972 :  Rabon effects.  
Group S ource df SS MS F 
Huscidae Treatn1ent 1 0 . 083333 0 . 083333 0 . 003 
Date 2 231 . 291 667 1 1 5 . 61+_5833 3 . 729* 
Aga 1 1 54. 083333 1 54. 083333 4. 968$ 
Treatment x Dnte 2 2 . 541667 1 . 270833 o. 041 
Treatment x A ge 1 0 . 333333 0 . 333333 0 . 01 1  
Date x A ge 2 237 .. 791667 1 1 8 . 895833 J .. 8Jh* 
Sarc ophagida.e Treatment 1 1 5 . 1 87500 1 5  .. 1 87500 o . 435 
Date 2 1 63 . 791 667 81 . 895833 2 . 345 
A ge 1 77. 520833 77 . 520833 2 . 21 9  
Treat1nont x Date 2 22 . 625000 1 1 . 312500 0 . 324 
Treatment x A ge 1 1 1 1 . 02083:3 1 1 1 . 020833 3 . 1 78 
Data x A ge 2 1 0) . 04-1 667 .51 . 520833 1 .  i�75 
Unidentified. Diptera Treatment 1 7. 520833 7. 520833 4. 009* 
Date 2 5 . 375000 2 . 687500 1 . 432 
A ge 1 0 ., 1 87500 0 . 1 87500 0 . 1 00 
Treatment x Date 2 0 . 041 667 0 . 020833 o .  01 1 
Treatment x Age 1 1 . 020833 1 . 020833 O .  54Lt 
Date x A ge 2 3. 875000 1 . 937500 1 . 033 
Mi scellaneous Diptara Treatment 1 300 . 000000 300 . 000000 o . o.ss 
Date 2 2241 4. 62.5000 1 1.207. 312500 2 . 1 56  
A ge 1 1 9120. 083333 1 9120. 083333 3 . 679 
Treatn1ent x Date 2 5342 . 375000 2671 . 187500 o • .514 
Tx·eatment x A ge 1 0 . 333333 0 . 333333 o . ooo 




Table 47.--- (C ontinued) .  
Group . Source df SS 
Hyd:rophilidne T1·eatment 1 31 . 687500 
Date 2 32 . 041 667 
A ge 1 38 . 520833 
Treatment x Date 2 1 6 . 62 5000 
T1 .. eat111.ent x Age 1 22 . 687500 
Date x Age 2 21 . 791667 
Unidentified C ole_optera. Treatment 1 6 . 750000 
Date 2 5. 541667 
A ge 1 0 . 750000 
Treatment x Date 2 3 . 375000 
Treatment x A ge 1 0 . 083333 
Date x A ge 2 4. 875000 
Mi sc ellaneous C oleoptera Treatment 1 1 1 7. 1 87500 
Date 2 356 .  791667 
A ge 1 256 . 687500 
Treatment x Date 2 1 95. 125000 
Treatment x Age 1 117 . 187500 
Date x Age 2 349. 625000 
* p < 0 . 05 
* p < 0 . 01 
MS 
31 . 687500 
16 . 020833 
38. 520833 
8. 312500 
22 . 687500 
1 0 . 895833 
6 . 750000 
2 . 770833 
0. 750000 
1 . 687500 
0. 083333 
2 . 437500 
1 1 7. 1 87500 
1 78 . 395833 
256 . 687500 
97. 562500 
1 1 7. 1 8'?500 
1 74. 812500 
F 
6 .. 350* 
3 . 21 1 *  
7 .  71 9··· 
1 . 666 
4. 546· 
2 . 1 83 
2 . 501 
1 . 027 
0. 278 
0 . 625 
0 . 031 
0 . 903 
2 . 649 
4. 033* 
5. 803* 
2 . 206 
2 . 649 




Table 48.- Least- squares m�ans a.r.d standard error� .fo:r Platystethus amez1.canus Eric hson for 1 972 :  Rabon effec ts . 
S om•c a 
Treatment te st ( t) 
c ontrol ( c )  
Date J July ( 1 )  
8 J uly  (2)  
10 July ( J ) 
Age 5 hours old ( A )  
.5 - 2 4  hours old ( B) 
Interactions t x 1 
t :x 2 
t x 3 
c :x 1 
c x 2 
c x 3 
t x A  
t x B 
0 x 1\ 
c x B 
1 x A 
1 x B 
2 x .  
2 x B 
3 x A  
3 x B 
I.SN 




3 . J7500000 
3 . 66666667 
5 . 3 7500000 
0 . 00000000 
2 . 37500000 




0 . 00000000 





2 . 37500000 
8. 87500000 
2 � 75000000 
4. 00000000 
SE 
1 . 2652i88 
1 . 26.52188 
1 . 37970189 
1 . 12652188 
1 . 126521 88 
I 
1 . 951 19312  
I 
I 
1 • .593142.51 
I 1 . 951 1 9312 
I 
1 29 
Table 49.- Least-square s :means and standard errors for Falagri di ssec ta Er chson for 1 972 :  Rabon effect s .  
Source 
Tr atrnent test ( t) 
control ( c )  
Date 3 July ( 1. ) 
8 July ( 2 )  
1 0  Ju]y ( J )  
A ge 5 hours old (.A ) 
5 - 24 ho �s old ( B) 
Interac tions t x 1 
t x 2 
t x 3 
c x 1 
c x 2 
c x .3 
t x A 
t x B 
c x A 
c x B 
1 x A 
1 x B 
2 x A 
2 x B 
J x A 
3 x B 
I.SN 
0 . 25000000 
J. 8J333333 
1 . 43750000 
4. 2.5000000 
o . 43750000 
o. 45833333 3 . 62.500000 
0 . 00000000 
0. 7.5000000 
0 . 00000000 
2 . 87500000 
7. 7.5000000 
0 . 87500000 
0 . 0000000.0 
0 . 50000000 
0 . 91666667 
6 . 75000000 . 
0 0 12500000 
2 . 75000000 





0 . 9001 9593 
0 . 90019593 
1 . 10251 034 
0. 9001 9593 
0. 90019593 
I 
1 . 55918508 
I 
1 . 27306929 




Table 50 .- Least-squares means and standard errors for C ercron gui�uilius L. for 1 972 :  Rabon effects. 
Source ISM SE 
Treatment test ( t) J . 04166667 i � 79295394 
control ( c )  6 . 95833333 1 .  79295394 
Date J July ( 1 ) 7 . 31250000 
8 July (2)  1 . 93750000 2 . 1 9591 1 15 
1 0  July ( 3 )  5 . 75000000 
Age 5 hours old (A) 2. 25000000 1 . 79295394 
5 - 24 hours old ( B) 7 . 75000000 1 . 79295394 
Interactions t x 1 0 . 25000000 
t x 2 3 . 87500000 I t x 3 5. 00000000 3 . 1 0548733 
c x 1 14. 37500000 
I c x 2 0 . 00000000 c x 3 6 . 50000000 
t x A 0 . 83333333 
t x B  5. 25000000 2 . 53561 978 
e x  A J . 66666667 
c x B 10. 25000000 
1 x A 4. 00000000 
1 x B 1 0. 62500000 I 2 x A 0 . 12500000 
3 . 10548733 2 x B 3. 75000000 
I 3 x ll 2 . 62500000 J x B 8. 87500000 
T ble 51 .-� Lea st-squares mea n s  and standard errors for C ercyon pYgmaeus I lli ger for 1 972 :  Rabon effects . 
Sourc e 
Treatment te st ( t) 
control ( c ) 
Date 3 Ju]y ( 1 )  
8 July ( 2 ) 
1 0 July ( 3 )  
Age .5 hours old (A)  
5 - 24 ho r s  old ( B) 
I nteractions t x 1 
t x 2 
t x 3 
c x 1 
c x 2 
c x .3 
t x A 
t x B 
c x A 
c x B 
1 x A 
1 x B 
2 x A 
2 x B 
J x A 
J x B 
LSM 




0 . 81250000 
1 . 5416666 7 
8 . 91666667 
0 . 25000000 
2 . 75000000 
1 . 25000000 
9 . 37500000 
1 7. 37500000 
0 . 37500000 
O . OBJJ.3333 
2 . 7.5000000 
J. 00000000 
15. 08333333 
2 . 00000000 
7. 62500000 
2. 12500000 
1 8. 00000000 
0 .. 50000000 
1 . 12500000 
SE 
1 . 57972234 
1 . 57972234 
1 .  9347.5683 
1 � 57972234 
1 . 57972234 
2 . 73615935 
I 
I 2 .23406475 
I 
2 . 73615935 
I 
132 
Table 52 .- Leas t-squares in aans and star.rlard errors for Aphodius haemorrhoidalis ( L. ) for 1972 : Rabon effec ts a 
Source 
Treatment test ( t) 
control ( c )  
Da.te 3 July ( 1 ) 
8 July ( 2 ) 
1 0  Ju]y ( 3) 
Age 5 hours old (A ) 
5 - 2l� hours o ld ( B) 
Interactions t x 1 
t .x 2 
t x 3 
c x 1 
c x 2 
c x 3 
t x A 
t x B 
e x  A 
c x B 
1 x A 
1 x B 
2 x Ji 
2 x B  
3 .x A 
3 x B 
LSM 
1 . 62500000 
2 . 83333333 
0 . 68750000 
4. 87.500000 
1 . 12500000 
1 .  J-1-1666667 
J .. OL�166667 
0 . 00000000 
4. 37500000 
0 . 50000000 
1 , 37500000 
5. 37500000 
1 . 75000000 
-0. 00000000 
J . 25000000 
2 . 83333333 
2 . 8JJ33333 
0 . 87500000 
0 . 50000000 
2 . 37500000 
7. 37.500000 
1 . 00000000 
1 . 25000000 
SE 
0 . 6 7263638 
0 . 67263638 
0.82380795 
0 . 67263638 
0 . 67263638 
I 




1 . 16504038 
I 
1 33 
Table .53.- Least-squares means and standard e:rrors :for 
Aphodius fimetarius ( L. ) for 1 972 :  Rabon effects . 
S ource 
Treatment test ( t) 
control ( c )  
Date 3 July ( 1 ) 
8 July ( 2) 
10  Ju]y ( 3) 
A ge 5 hours old (A) 
5 - 24 hours old ( B) 
Interactions t x 1 
t x 2 
t x J 
c x 1 
c x 2 
c x .3 
t x A 
t x B 
e x  A 
c x B 
1 x A 
1 x B 
2 x A 
2 x B 
.3 x A 
.3 x B 
lSM 
0 . 20833333 
1 . 00000000 
0 . 75000000 
0 . 81250000 
0 . 25000000 
0 . 37500000 
o . 83333.333 
0 . 00000000 
0 . 37500000 
0 . 25000000 
1 . 50000000 
1 . 25000000 
0. 25000000 
0 . 08333333 
0 . 33333333 
0 . 66666667 
1 . JJJJ.3333 
0 . 62500000 
0. 87500000 
0. 12500000 
1 . 50000000 
0 . 37500000 
0 . 12500000 
SE 
0 . 16816758 
0 . 1681 6758 
0 . 20596239 
0. 1681 6758 
0 . 168167.58 
I 
0 . 29127480 
I 
0 . 23782488 
I 




Table 54.- Lea.s t-square s rnea.ns and standard errors for 
Smicurus filicorni s Fairmaire a.r..d La.boulbene for 1 972 :  Ra.ban effect s .  
S ource LSN SE 
Treatment test ( t) o . 45833333 o . 40847205 
contro l ( c )  0 . 62500000 0. 40847205 
Date J Ju1y ( 1 ) 0 . 00000000 
8 July ( 2 ) 1 . 62500000 0 . 50027405 
10 July ( 3) 0 . 0 0000000 
Age 5 hours old (.A ) 0 . 00000000 o . 40847205 5 - ZL� hours old ( B) 1 . 08333333 0 . 40847205 
Interactiqr1s t x 1 0 . 00000000 I t x 2 1 . 37.500000 t x 3 0 . 00000000 0 0 70749434 
0 x 1 0 . 00000000 
I 0 x 2 1 . 87500000 c x 3 -0. 00000000 
t .x A 0 . 0 0000000 
t x B 0 . 91666667 
0. 57766671 
c x A 0. 00000000 · I  c x B 1 . 25000000 
1 x A 0. 00000000 
I 1 x B 0 . 00000000 
2 x A -0 . 00000000 0 . 70749434 2 x B 3. 25000000 
__L .3 x .A 0 . 0000 0000 3 :;c B 0. 00000000 
Table 55.- Lea s v- squares r:ieans and standard errors for Muscidae for 1 972 :  Rabon effec ts . 
Source 
Treatment test ( t) 
control (c )  
Date 3 July ( 1 ) 
8 July (2)  
10  July ( 3 )  
Age 5 hourv old {A ) 
5 - 24 hours old ( B) 
I nteractions t x 1 
t x 2  
t x 3 
c .x: 1 
c x 2 
c x 3 
t x A 
t x B 
e x  A 
c x B 
1 x A 
1 x B 
2 x A 
2 x B 
J x A 
3 x B 
LSM 
1 . 87500000 
1 . 79166667 
0 . 25000000 
4. 93750000 
0 . 31250000 
o . 41666667 
3 . 62500000 
0 . 00000000 
5 . 00000000 
0 . 62500000 
0 . 5000 0000 
4. 87500000 
-0 . 00000000 
-0 . 00000000 
3 . 75000000 
o .  083.33333 
3 • .50000000 
0 . 12500000 
0 . 37500000 
0 . 00000000 
9. 87500000 
0 . 00000000 
0 . 62500000 
SE 
1 . 1 3677641 
1 . 13677641 
1 . 39226107 
1 . 13677641 
1 . 13677641 
1 . 96895449 
I 
I 
1 . 60764461 
I 
1 . 96895449 
I 
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Table � .- Lsast- squares �ean s and standard errors for 
unidentified Diptera for 1 972 :  Rabon effeo-ts . 
S ourc e  
Treatm nt test ( t) 
control ( c )  
Date 3 July ( 1 ) 
8 July ( 2) 
1 0  July ( 3) 
Age 5 hours old (A)  
5 - 24 hours old (B) 
Interactions t x 1 
t x 2 
t x 3 
c x 1 
c x 2 
c x 3 
t x A  
t x B 
e x  A 
o x  B 
1 x A 
1 x B 
2 x A 
2 x B 
3 x A 
) x B 
ISM 
o . 41666667 
1 . 20833333 
0 . 37500000 
1 . 1 8750000 
0 . 87500000 
0 . 75000000 
0. 87500000 
0 . 00000000 
0. 75000000 
0 . 50000000 
0 . 75000000 
1 . 62500000 
1 . 25000000 
0 . 50000000 
0 . 33333333 
1 . 00000000 
1 . 4166666? 
0. 37500000 
0 . 37500000 
0 . 75000000 
1 . 62500000 
1 . 1 2500000 
0. 62 500000 
SE 
0. 27959021 
0 . 27959021 
0. 34242668 
0 . 27959021 




0 . 39.540027 
I 
o . 48426445 
I 
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Table 5?.� Least-squares neans and standard errors ·  for 
Hydrophilidaa for 1 972 :  Rabon effects . 
Sourc e 
Treatment tes t  ( t) 
control ( c) 
Date 3 July ( 1 ) 
8 July ( 2 )  
1 0  July ( 3 )  
Age 5 hours old (A ) 
5 - 24 hours old ( B) 
Interactions t x 1 
t x 2 
t x 3 
c x 1 
c x 2 
c x 3 
t x A 
t x B  
c x .A 
c x B 
1 x A 
1 x B 
2 x A 
2 x B 
J x A 
J x B 
I.SM 
0 . 20833333 
1 . 83333333 
1 . 06250000 
2 . 00000000 
0 . 00000000 
0 . 1 2500000 
1 . 91666667 
-0 . 00000000 
0 . 62500000 
0 . 00000000 
2 . 12500000 
3 . 37500000 
-0 . 00000000 
-0 . 00000000 
o . 41666667 
0 . 25000000 
J . 41 666667 
-0 . 00000000 
2 . 12500000 
0 . 37500000 
3 . 62500000 
-0 . 00000000 
0 ., 0000000 0 
SE 
o . 45598481 
o . 45598481 
0 . 55846506 
o . 45598481 
o. 45598481 
I 





0 . 78978886 
I 
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Table .58.- Lea.st-squares maans arrl s4ndard errors for 
miscellaneous C oleoptera for 1 972 : Rabon �ffaets .  
Sourc e  I.Si.'f SE 
Treatment test ( t) 0 . 83333333 1 . J.5759519 
control ( c )  3 . 95833333 1 . 3575951 9 
Date 3 July ( 1 )  0 . 56250000 
8 July (2) 6 . 25000000 1 . 66270774 
10 July ( 3) 0 . 37500000 
Age 5 hours old (A) 0 . 08333333 1 . 35?59.51 9 
5 - 24 hours old ( B) 4. 70833333 1 . 35?5951 9 
Interacti ons t x 1 0 . 00000000 I t x 2 1 . 87500000 t x 3 0 . 62500000 
2 . 35142384 
c x 1 1 . 1 2500000 
I c x 2 1 0 . 62500000 c x J 0 . 12500000 
t x A  0 . 08333333 
t x B  1 • .58333333 . 1 . 91992953 
e x  A 0 . 08333333 I o x  B ?. 8J3333J3 
1 x A 0. 00000000 
I 1 x B 1 . 12500000 2 x A 0 . 12500000 2 . 35142384 2 x B 12 . 37500000 
I J x A 0 . 12500000 J x B  0 . 62500000 
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Tab le 59.- Ovar 11 means ar..d standard deviations of dung insects for 1 972 :  lathion e.ffec ts . 
Specie s o Grou.p M SD 
C ercyon pYgma us 8 . 43750 1 0 . 701 8) 
C .  gui sguilius 6 . 50000 1 1 . 55855 
}li sc ellaneous Diptera 6 . 00000 1 3 . 40647 
Sphaeridium lunat 2 . 687.50 6 . 03013 
Anhodius haemorrhoidal.is 1 . 56250 J• J260J 
Sare ophagid.ae 1 . 37500 J . 00832 
Mi sc ellaneous C o leoptera o . s1250 3• 25000 
�latystethus americ anus 0 . 68750 1 . 53704 
Philonthus spp. 0 . 56250 1 . 26326 
Smiourus fi lio orni s o. _56250 1 . 99896 
Hydrophilidae o . 43750 1 . 75000 
Falagria di ssac ta o . 43750 1.1 09354 
Unidentified Diptera 0 . 3 7.500 0 . 88506 
Sphaeridium biEustulatum 0 . 2 5000 0. 77460 
0.:x;ypoda sagulata 0 . 18750 0. 54391 
Muscidae 0. 12500 O. J4157 
Aleochara bipustulat.a 0 . 1 2500 0 . 341 57 
Rister abbrevi atus 0. 06250 0 . 25000 
Unidentified C oleoptera 0. 00000 0 . 00000 
Onthoph.agus hecate 0 . 00000 0. 00000 
Aohodius fir.tsta.rius 0 . 00000 0 . 00000 
A le6chara taeni ata 00 00000 0 . 00000 
Aleocha.ra bi�..aculata O a OOOOO 0 . 00000 
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Table 60.- .Analyses of variance for Staphyllnidae for 1 972 :  Malathion effects.  
Specie s  Source df SS MS F 
A leochara bipustulata Treatment 1 0. 000000 0 . 000000 o. ooo 
/\ge 1 0 . 000000 0. 000000 o . ooo 
Treatment x A ge 1 0 . 250000 0 . 250000 2 . 000 
Philonthus spp. Treatment 1 0. 062500 0. 062500 . 0. 040 
Age 1 5. 062500 5. 062500 3 . 240 
Treatment x A ge 1 0.-062500 0. 062500 0 . 040 
P lntystethus a.meric!_nus Treatn1ent 1 0. 062500 0. 062500 0 . 027 
A ge 1 7. 562.500 7. 562.500 3 . 270 
Treatment x A ge 1 o. o62500 o. o62500 0. 027 
Falng�ia dissecta Treatment 1 1 . 562500 1 . _562500 1 0 596 
A ge 1 J . 062500 2 . 062500 3 . 128 
Treatment x Age 1 1 .  ,562500 1 . 562500 1 . 596 
Oxypoda sagulata Treatment 1 0. 062500 0 . 062500 0., 200 
Age 1 0. ,562500 0. 562500 1 . 800 
Treatment x Aga 1 0. 062500 0 . 062500 0. 200 
I-'-
{:'" ........ 
Table 61 .- .A nalyses of variance for Hydrophilida.Q for 1 972 : Malathion effects . 
Specie s  Source df SS MS F 
Sphaeridium lunatum Treatment 1 1 0  • .562500 1 0 . 562500 0 . 305 
A ge 1 1 05. 062500 1 05. 062500 3 . 032 
Treatment x A ge 1 14. 062500 1 4. 062500 o . 406 
�.  biEustulatum Treatment 1 0. 250000 0 . 250000 o . 4oo 
A ge 1 1 . 000000 1 . 000000 1 . 600 
Treatment x A ge 1 0 . 250000 0 . 250000 o . 4oo 
C ercyon quisquilius Treatment 1 72 . 250000 72 . 250000 0 . 633 
A ge 1 306 . 250000 306 . 250000 2 . 683 
Treatment x A ge 1 256. 000000 256 . 000000 2 . 243 
c .  pygmaous Treatment 1 280. 562500 280 • .562500 2 . 596 
A ge 1 126 . 562500 1 26 . 562 500 1 . 1 71 
Traa tment x A ge 1 14. 062500 14. 062500 0 . 1 30 
Table 62.-- Analysis of variance for Scarabaeidae for 1 972 :  Malathion effects.  
Species Sourc e 
Aphodius haemorrhoidalis Treatment 
A ge 



















Table 63.- Analysis of vai-iance for Hi steridae for 1 972 :  Malathion effec t s .  
Species 
Hister abbrevintus 
S ourc e 
Treatment 
Age 






0 . 062500 
0 . 062500 
0 . 062.500 
MS 
0. 062500 
o . o625ao 
0 . 062500 
Table 64.--- Analysis of va1�ance for Ptiliidae for 1 972 : Malathion effect s .  
Species 





'l'reatment x A ge 
Possible identification 
df SS MS 
1 5. 062500 5. 062500 
1 5. 062500 5. 062500 
1 s . 062500 5. 062500 
F 
1 . 000 
1 . 000 
1 . 000 
F 
1 . 3.58 
1 . 358 
1 . 358 
,_,. 
+.­\....) 
Table 65.- Analyses of variance for larval insects for 1972 : Malathion effects .  
Group Source di SS MS F 
Muscidae Treatment 1 0 . 000000 0. 000000 o. ooo 
Age 1 0 . 000000 0 . 000000 o . ooo 
Treatment x .Age 1 0 . 250000 0 . 250000 2 . 000 
Sarcophagidae Treatment 1 2 . 250000 2 . 250000 0 . 267 
A ge 1 30. 250000 30 8 250000 3 . 594 
Treatment x Age 1 2 . 250000 2 . 250000 0 .. 26? 
Unidentified Diptera Treatment 1 0 . 000000 0 . 000000 o . ooo 
Age 1 0 . 250000 0 . 2 50000 0 . 286 
Treatment x A ge 1 1 . 000000 t . 000000 1 . 1 43 
Miscella.neous Diptera Treatment 1 306 . 250000 306 . 250000 1 .  756 
Age 1 225. 000000 225. 000000 1 . 290 
Treatment x Age 1 72 . 250000 72 . 250000 o . 414 
Hydrophilidae Treatment 1 3 . 062500 3. 062500 1 . 000 
Age 1 3 . 062500 3 . 062500 1 . 000 
Treatment x Age 1 3 . 062500 3 . 062500 1 . 000 
Mi scellaneous C oleoptera Treatment 1 1 0. 562500 1 0 . 562500 1 . 000 
Age 1 1 0 . 562500 1 0 . 562500 1 . 000 
Treatment x Age 1 1 0 . 562500 10. 562500 1 . 000 
._� 
f 
